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ADVERTISEMENT. 


♦^*  AJeto  Copies  qfthejirst  Series  of  the  Annals  of  Philosophy  ma^ 
he  had  hy  application  to  the  publishers^  or  to  any  bookseller.  It  consists 
of  Sixteen  Volumes^  having  commenced  tvith  the  year  1813. 


SRBATA. 

Jb  UneNomber  fiMr  Jolyy  ISSO,  page  48,  line  10,  from  hotiom, for  rrolviog,  read 

cooliog. 

I»  the  Number  for  Aagnsty  page  100,  line  ^S^fir  Mollen  glassy  read  M&tler  glass. 

ERRATA  IN  No.  XCIV.  FOR  OCTaBER^  First  Series. 

Page  SSI,  line   9yjbr  June  30,  read  June  3. 
283,  line  3,  for  w  /,  read  n  ^ 

^yjbr  («  — •  1)  J?,  read  (n  —  1)  ». 
288,  line  90^  fir  cot  n  x,  read  cot  n  w. 
287,  line   5^  fir  (p  (a:,)    ,  read  <^  =  (xi.) 


ERRATA  IN  VOL.  I,  New  Scries.  • 

Page   46,  last  line,^  three  inches,  read  eight  inches*  ^ 

fbr  three  inches  from  the  bottom,  read  eight  inches. 
It  escaped  notice,  until  too  late,  that  in  both  these  instances,  the  printer  had  mistalren  ** 
a  figure  of  eight  for  three*  '  ^ 

The  dimensi(ms,  as  corrected,  are  those  of  the  boSer  and  fire-place  used  in  some  expe-  • 
riments  made  at  Bromley;  in  the  greater  number  of  those  alluded  to  by  Dr.  Bostock,*  - 
the  dimensions  of  the  b(Mler  and  fire-place  were  as  follow : 
j}oi^r._.Three  feet  long,  1 5  inches  wide,  and  15  inches  deep. 
Ftrf-^ZisM^e.— Nineteen  and  a  half  inches  long,  nine  inches  and  a  half  wide,  and  ten 
inches  deep* 
.Page    67,  lineSl,/or30,  r<?flfl[25. 

58,  fine   ^tfir  one  »tom  of  dentoxide  read  foiir  atoms. 
89^  line  35,  fir  a,  the  joinings,  read  at  the  joinings. 

86,j^rwe,  retfi  were.  / 

94,  line   8,^  flannel,  reo^  flame.  .     ■  *^ 

98,  last  line,^r  equations,  read  equation.  m 

105,  line   4,/or  N,  rwkil).  ^    . 


1  ...7'  1  ...7 

22,  for  C,  read  b, 
136,  line    6, /or  Mezthyr,  rfoJ  Mertfayr. 

34^  fir  thin  bitumen,  read  elastic  bitumen. 
160,  Hne   5  fiK>m  bottom,^  Caprioonnis,  r^»d  Sagittarius. 
218,  line  32,  j^  burning,  read  mning. 
218,  line  Si^fir  being  change,  read  being  no  diange. 

S&tfir  on  cMorine  gas,  reoil  in  chlorine  gas. 
222,  line  36,/or  pel  de  singette,  read  sel  de  Seignette. 
7,  from  bottom, /tt  distilled,  read  deducted. 
274,  fine    3,  from  the  top,/?r  FRS.  read  VPRS. 
276,  fine  }  1,  from  the  bottom,  ybr  receive,  read  conceive. 
287,  fine  \8y  fir  (a  —  6),  A,  read  (a  —  b)  A. 


ADVERTISEMENT. 


I  PROJECTED  the  Annals  of  Philosophy  in  they^ar  1812, 
:  ^uad  have  continued  to  be  the  Editor  ev^r  since^  with  the 
exception  of  a  single  year^  when  my  sudden  removal  to  . 
•    Glasgow,  and  the  necessity  I  was  under  of  beginning  a  . 
■  labdriou^  course  of  Chemical  Lectures  with  scarcely  any 
pr^rious  preparation,  and  with  no  assistant,  put  it  out  of 
f  y^f  power  to  devote  a  sufficient  portion  of  my  time  to  the 

/    ^aboHous  and  diversified  duties  of  Editor  of  a  periodical 
'-•.  •  .work  ofiacience.     My  friends  Dr.  Bostock  and  Mr.  Arthur 
'^  -'Aikin  were  kind  enough  to  supply  my  place  during  that 
year;  rand  carried  on  the  Annals  of  Philosophy  with  a* 
'  I  *  spirit  whicK  left  the  readers  no  cause  to  regret  the  tempo- 
V.'  rary  absence  of  the  original  Editor.    The  principal  object  \. 
.which  I  had  constantly  in  view  was  to  render ihe  Annals  as ' 
complete  a  register  as  possible  of  all  the  improvements ' . 
.  'made  in  chemistry  and  the  kindred  sciences,  not  merely  in 
«   ..Xjreat. Britain,  but  in  every  part  of  the  worid.     How  far  my 
;,.    ■  iCierlions  were  attended  with  success,  it  is  not  for  toe  to" 
•'determine,  though  I  can  say  with  truth  that  neither  labour 

•  a 

.  ^  Inor  expense' was  spared  to  fulfil,  as  far  as  was  in  my  power, 
.•    the  objects  which  I. had  in  view.  ..... 

After  a  trial  of  two  years,  I  have  satisfleA"  myself  that  a 
■  •  *  .'  •    *  .  •        ' 

residence  more  than  four  hundred,  toiles  distant  from  tiie' 
•••  •  .".♦'.•' 

.    place  of  pubhcation  is  scarcely  consistent  with*the  active 

V  .duties  of  91  Editor.     It  more  than  quadruples  the'  labour, 

;':  'while  it  diititnishes,  almost  in^the  same  proportion,  its  sue-    • 

•  T  |f/cessful  exertion.     I  have,  therefore,  with  the  concurreiice  of 

f  'f'^the  pjD^shers,  transferred  the  Editorship  of  the  Annals  of 

*^*Phil^SQphy  to  my  friend  Mr.  Richard  Phillips,  a  gentleman 

*.'  ,  .wh'oiie  scientific   talents    and  acquirements   are  too .  well 

known  to  require  any  observations  on  my  part.    • 

#  •       .  '•_  •  ■ 

#    New  Series,  vol.  i.  a  -.  ^•.  • 

•     r  r 


v 

". 


2  ADVEKTISEMENT, 

But  though  I  relinquish  the  Editorship,  I  do  not  abandon  ., 
all  interest  and  concern  in  tlie  work,  I  shall  still  continue 
connected  with  it,  and,  1  trust,  shall  be  a  frequent  and 
active  contributor,  though  my  absence  from  the  place  of 
publication  renders  the  labours  of  the  active  Editorship 
irksome  and  painful. 

In  consequence  of  this  change,  it  has  been  determined 
to  denominate  the  seventeenth  volume  of  the  AtmaU  of; : 
. JPAi'fosopAy the  FiRSTof a  New  Skeies.  •     -    ;.■ 
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Glttiffoa, 

THOMAS  THOMSON^^-it 

ixmber,  I8£0. 
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— -                                  -.v'  ^ 

■  .■  ).' 

/  undertake  the  Editorship  of  the  Aniiah  of  Philosopk^f-i 
.    Mtmounced  in  the  above  advertisement,  ■with  some  anxiety,  leSt 

the  reputation  which  the  work  has  acquired  shoitid  be  di?/li-    • 

iiished  i^  being  placed  tinder   my  controvl.     The  friendly  '.  , 
'  aisiiraiices  if  Dr.  Thomson,  that  he  will  continue  to  contribute . 
:.  (o  the  Annals,  viill,  I  trust,  convitice  the  reader  that  the  work 
,'  'will  in  future  possess  a  great  share  of  its  present  value. 
'  '  "J^iisuciessful  management  o^'  a  scientific  journal  is  ren-  ' . 

4ered  daUbli/  dijicult  by  the  namerous similar  sources tkroi^A't' 

which  information  is  now  cvnveyed :  relying,  however,  upoa  {? 

the  favi\urft&le  circumstance^  in  which  I  am  placed  for  the  *. 

early  acqui^ion  ofphilosophical  intelligence,  I  trust  I  shall   .' 
.    i^euabled^inft&'tSe.tissistance  of  which  I  have  received  name-    ' 

T^i  promises,  to.  tender  the  work  not  miwoHky  of  the  palro-   i 

iiage  and/itppqrt  of  the. mmtific public. 


■■■■       ifl«j™,'  ■-■:  RICHARD  PHILLIPS. 
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Expefimenii  to  determine  the  true  Atomic  Weight  of  Strontian, 
jLime,  Magnesia,  Phosphoric  Acid,  and  Arsenic  Acid.  By 
Thomas  Thomson,  M.D.  F.R.S. 

In  two  papers  published  in  the  preceding  volume  of  the  Annah(f 
Philosophy^  I  have  endeavoured  to  determine  the  real  weight  of 
the  atom  of  13  simple  bodies,  and  a  considerable  number  of 
compounds  formed  by  the  union  of  these  bodies  with  each 
other.  In  every  one  of  these  cases  we  found  reason  to  conclude 
that  the  atomic  weight  of  eveiy  body  is  a  multiple  of  the  weight 
of  an  atom  of  hydrogen.  I  snowed  that  the  determinations  of 
Dr.  Wollaston  and  Prof.  Berzelius,  though  in  most  cases  consti- 
tuting very,  good  approximations,  are  never  rigidly  exact,  the 
true  weights  of  the  atoms  of  bodies  constituting  much  simpler 
numbers  than  they  have  supposed.  I  have  shown,  I  trust  to  the 
satisfaction  of  all  practical  chemists,  that  the  mode  of  experi- 
menting adopted  by  Berzelius  is  not  precise  enough  for  the. 
determination  of  the  weights  of  the  atoms  of  bodies.  I  ought 
to  observe,  however,  that  Berzelius  is  undoubtedly  a  very  great 
master  of  the  analytical  art^;  that  his  analyses  approacn  upon 
the  whole  exceedingly  near  the  truth;  and  exhibit  a  consistency 
which  is  highly  satisfactory,  and  does  a  great  deal  of  credit  to 
the  industiy  and  sagacity  of  their  author.  But,  unfortunately 
his  mode  of  experimenting  admits  of  no  criterion  by  which  the 
experimenter  can  determine  whether  the  results  be  accurate  or 
not ;  so  that  he  has  no  means  of  checking  himself,  and  of  taking 
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those  precautions  which  a  knowledge  of  tlie  existence  of  error 
would  lead  him  to  look  for. 

The  mode  of  experimenting  which  I  have  employed  has  the 

treat  advantage  of  informing  the  experimenter  whether  or  not  i 
is  results  be  accurate.  When  I  mix  together  a  given  weight 
of  sulphate  of  potash  and  nitrate  of  lead,  it  is  easy,  by  examin- 
ing the  clear  liquid  which  remains  after  the  precipitate  ha» 
subsided,  to  ascertain  whether  that  hquid  holds  in  solution  any 
sulphuric  acid  or  any  oxide  ;  thus  showing  whether  either  of 
the  salts  has  been  employed  in  excess,  and  which  of  the  two. 
We  are  thereby  Miabled  to  vary  the  weight  of  each  salt  till  at 
last  we  hit  upon  proportions  which  exactly  decompose  each 
other  without  leaving  any  excess  whatever.  The  knowledge  of 
these  proportions  enables  us,,  by  the  methods  explained  in  the 
papers  above  alluded  to,  to  detecmine  the  real  weight  of  the 
atom  of  the  bodies  which  are  the  subject  of  experiment. 

This  method  is  tedious,  and  requires  no  great  shai'e  of  dexte- 
rity  in  experimenting.  We  must  take  care  that  our  salts  are 
pure  and  dry  ;  that  they  are  accurately  weighed  out,  completely 
dissolved  in  distilled  water,  and  the  solutions  well  mixed  withoiA 
any  loss  whatever.  Whoever  attends  to  these  precautions  will 
be  enabled  to  come  to  results  as  near  absolute  accuracy  as  is 
consistent  with  experimenting,  1  have  made  considerable  prOr 
gress  in  determining  the  weights  of  the  atoms  of  the  acids  and 
bases  by  this  method  ;  but  at  present  1  mean  to  confine  myself 
to  the  experiments  made  to  determine  the  atomic  weights  of  the 
five  substances  whose  names  are  placed  at  the  head  of  thi^ 
essay.  The  following  table  exhibits  the  numbers  assigned  to 
the  atom  of  these  bodies  by  Dalton,  Wollaston,  Berzelius,  Prout^ 
and  myself: 


D.]uni. 

WoUMon.!    BenelJiiB. 

Pniut.    1  ThoTUKin. , 

Strontian 

6-571 
3-428 
2-428 
3-286 

6-9 
3-546 
2-46 
3-74 

12-9460 
7-1206 
6-1672 
8-9230 

14-4077 

3-5 

3-76 

6-5 
3-625 

Magnesia.  ... 

Phosphoric  acid. . . 
Areenic  acid 

2-6 
3-6* 
7-25 

To  enable  the  reader  to  compare  Berzelius's  atoms  with  the 
others  contained  in  the  table,  it  will  be  proper  to  bring  them    « 
down  to  smaller  numbers.     This  may  be  done  by  dividing  each 
by  2.     They  will  then  be  reduced  to  what   they  are  in  the 
following  table : 


:i 
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or   errc! 

Sirontian 6-4730 

hastt:  lime. .•.  3-6603 

r  or  no  Magnesia 2-5836 

I  weitrh  Phosphoric  acid 4*4615 

examk-  Arsenic  acid 7*20385 

tion    ^  When  thus  stated,  they  approach  very  nearly  to  the  otl 

ithe     ■  titomic  numbers  contained  in  the  table,  though  the  number 

the  t  ^  decimal  places  is  sufficient  to  render  their  absolute  accura 

It  tilJ '  suspicious.     They  want  one  of  the   criterions  which  ]   ha 

5e  ea  ^  «hown,  in  my  preceding  papers,  that  the  real  atomic  weights 

edo-e  ^  bodies  possess.    They  are  none  of  them  multiples  of  0*125,  1 

Hn  th  weight  of  an  atom  of  hydrogen.  Dalton's  numbers  were  obtain 

of  th^  ^  mviding  the  atomic  weights  which  he  gives  in  his  System 
Cinemical  rhilosophy  by  7,  which  is  his  weight  of  an  atom 

dexte  oxygen.     This  is  a  fairer  method  than  the  one  which  I  emplo;y 

1(5      '  in  my  last  paper.     I  there  took  in  his  error  with  respect  to  t 

^letei  weignt  of  oxygen  when  compared  with  hydrogen.     Here  tl 

ithou*  '  error  is  not  reckoned  at  all,  but  tacitly  corrected. 

^5      ij  Let  us  now  have  recourse  to  experiments  to  determine  whi 

2^  •  of  these  columns  comes  nearest  the  truth,  or  whether  any 

'  Dro-   *  them  be  absolutely  correct.     Sulphate  of  soda  is  composed 

*|^j  follows: 

f^^lf  Sulphuric  acid 5 

f  the  ^^^^ 1 

^^  Sulphate  of  soda 9 

'Out,  According  to  the  numbers  which  I  have  made  choice  of  i 

chlorine  ana  strontium,  chloride  of  strontium  is  composed  of 

Chlorine 4*5 

tQj^  Strontium 5*5 

Chloride  of  strontium , . . .  10*0 

^  To  determine  whether  these  numbers  be  correct,  I  took  ni 

grains  of  sulphate  of  soda  recently  kept  for  half  an  hour  in  t 
state  of  igneous  fusion,  and  dissolved  it  in  a  small  quantity 

^  distilieil  water.     I  likewise  dissolved    in   another  portion 

distilled  water  10  grs.  of  chloride  of  strontium,  recently  fus 
and  perfectly  dry.  These  two  liquids  were  carefully  mix 
together,  and  allowed  to  remain  in  contact  for  24  hours.     I  th 

T  drew  off  a  portion  of  the  clear  Uquid,  and  examined  it.     1 

change  whatever  was  produced  in  it  by  nitrate  of  barytes. 
I  course,  it  contained  no  sensible  quantity  of  sulphuric  acid. 

was  not  rendered  in  the  least  turbid  by  sulphate  of  soda,  phc 
phate  of  soda,  arseniate  of  soda,  orchromate  of  potash.  Hen 
there  is  no  evidence  that  it  contained  any  strontian. 

I  consider  myself  as  warranted  by  the  preceding  experimc 
to  coaclode,  that  chloride  of  strontium  is  composed  of 


le 
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Chlorine 4'5 

Strontium 5*5 


Consequently  muriate  of  strontian  is  composed  of 

Muriatic  acid   4-625 

Strontian 6'5 

11-125 

It  is  obvious,  therefore,  that  the  true  weight  of  an  atom  of 
Btrontian  is  6' 5,  the  very  weight  which  I  have  already  assigned. 
The  above  experiment  will  neither  succeed  with  Dalton's,  Wol- 
laston's,  tior  Berzelius's  numbers — a  sufficient  proof  that  none  of 
them  is  absolutely  correct, 

2.  I  made  a  great  many  trials  before  I  was  able  to  determine 
the  weight  of  an  atom  of  lime  ;  but  I  consider  it  as  needless  to 
relate  those  which  were  unsuccessful.  Indeed  I  failed  so  fre- 
quently that  [  for  some  time  despaired  of  being  able  to  deter- 
mine the  point.  However  by  persevering  and  trying  one  method 
after  ano(iier,  I  at  last  hit  upon  a  way  which  is  quite  easy,  and 
which,  if  carefully  performed,  yields  most  satisfactory  results^ 
Ifo  salt  of  hme  which  I  tried  possessed  sufficient  solubility,  and 
the  capacity  of  being  totally  deprived  of  water  by  heat  without 
decomposition.  I  was  obheed,  therefore,  to  have  recourse  to 
calcareous  spar.  I  took  perfectly  pure  calcareous  spar,  reduced 
it  to  a  coarse  powder,  and  exposed  it  for  an  hour  to  a  tempera- 
ture of  between  300°  and  400°,  which  renders  it  perfectly  dnr 
without  disengaging  any  sensible  quantity  of  carbonic  acid.  It 
will  appear  by  the  experiments  which  I  am  going  to  relate,  that 
pure  dry  carbonate  of  lime  is  composed  of 

Carbonic  acid 2'75 

lime 3*5 

Carbonate  of  lime 625 

When  pure  crystals  of  bicarbonate  of  potash  are  exposed  to   -j 
a  red  heat  in  a  crucible  of  platinum,  one  half  of  the  carbonic 
acid  is  driven  oif,  and  there  remains  pure  and  dry  carbonate  of 
potash.     Now  this  salt  is  composed  of 

Carbonic  acid 2'75 

Potash ,  6-00 

Carbonate  of  potash 8'75 

The  knowledge  of  the  composition  of  these  salts  will  enable 
the  reader  easily  to  follow  the  experiments  which  I  am  going  to"  (' 
relate.  J 

6'25  grs.  of  dry  calcareous  spar  were  dissolved  in  muriatio '  j 


grs 
Uie 
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acid,  and  the  solution  was  evaporated  to  dryness  on  a  sand-bath 
at  a  temperature  not  much  exceeding  100  .  The  dry  salt  was 
then  dissolved  in  distilled  water,  it  obviously  contained  3*5 
.  of  lime  saturated  with  muriatic  acid  ;  and  from  the  result  of  ^ 
e  experiment,  it  will  immediately  appear  that  muriate  of  lime 
is  a  compound  of 

Muriatic  acid 4*625 

Lime 3*6 

Muriate  of  lime 8'125 

8*75  grs.  of.carbpnate  of  potash  were  dissolved  in  a  separate 
portion  of  distilled  water,  and  the  solution  was  mixed  with  that 
o{  the  muriate  of  lime.  A  double  decomposition  took  place, 
carbonate  of  lime  precipitated,  and  the  clear  Uquid  held  muriate 
of  potash  in  solution.  A  portion  of  this  liqmd  was  drawn  ofiT 
ana  examined.  It  produced  no  change  upon  the  colour  of 
paper  stained  red  by  cudbenr.*  Oxalate  of  ammonia  occasioned 
no  precipitate  in  it.  From  these  facts  I  consider  myself  entitled 
to  conclude  that  the  whole  of  the  carbonate  of  potash  was 
exactly  neutralized  by  muriatic  acid,  and  that  the  whole  of  the 
lime  had  been  precipitated  in  the  state  of  a  carbonate.  It 
obviously  follows  that  the  weight  of  an  atom  of  lime  is  3*5.  This 
is  the  atomic  weight  already  assigned  by  Dr.  Prout.  My  num- 
ber is  too  high,  and  Mr.  Dalton's  too  low.  The  number  of 
Wollastdn  and  Berzelius  is  much  nearer  the  truth  than  either 
Dalton's  or  mine,  though  both  of  them  are  rather  too  high. 

To  enable  the  reader  to  judge  of  the  accuracy  of  the  preceding 
conclusion,  it  may  not  be  amiss  to  select  two  out  of  the  great 
number  of  experiments  which  1  made  with  a  view  to  determine 
the  weight  of  an  atom  of  lime. 

(1.)  If  we  suppose  the  atom  of  lime  to  weigh  3*625,  which  is 
the  atomic  weight  that  I  had  pitched  upon,  then  it  is  clear  that 
dry  cai'bonate  of  lime  must  be  composed  of 

Carbonic  acid  •  •  • , •  •  • .  2*75 

Lime 3*625 

Carbonate  of  lime 6*375 

To  verify  this  supposition,  I  dissolved  6*375  grs.  of  dry  car- 
bonate of  lime  in  muriatic  acid,  evaporated  the  solution  to 
dryness,  redissolved  the  residue  in  distilled  water,  and  mixed  it 
with  a  solution  of  8*75  grs.  of  carbonate  of  potash.  After  the 
.^carbonate  of  lime  had  precipitated,  a  portion  of  the  clear  liquid 
was  drawn  off,  and  some  oxalate  of  ammonia  dropped  into  it. 
An  abundant  precipitate  of  oxalate  of  lime  fell  down.    Hence 

*  Thif  IB  tibe  most  delicate  test  of  alkalies  that  I  am  acquainted  with.    A  very 
■limit*  poTtioD  of  adlodi  or  alludine  cailKmate  lenden 
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time  still  remaJDed  in  roIuUod  ;  consequently  the  carbonate  ef 
))Otaali  had  not  been  snfficient  to  throw  down  all  the  lime.  Wfl 
see  from  this  that  an  atom  of  lime  is  not  so  heavy  as  3-625. 

(2.)  The  nearest  multiple  of  0-125  to  Mr.  Dalton's  atomic 
weight  of  Jime  is  3-375.  Now  if  this  be  the  weight  of  an  atom 
»f  !ime,  it  is  plain  that  dry  carbonate  of  hme  must  be  oomr 
posed  of 

Carbonic  acid 2'76 

Lime 3-375 

Carbonate  of  lime 6-125 

To  verify  this  supposition,  I  dissolved  6-125  grs.  of  carbonate 
of  lime  in  muriatic  acid,  and  after  treating  the  solution  in  the 
manner  already  described,  I  mixed  it  with  a  solution  of  8'76 
gts.  of  carbonate  of  potash.  After  the  carbonate  of  lime  had 
subsided,  the  clear  supernatant  hquid  was  not  precipitated  Iw 
•Kalate  of  ammonia,  and,  therefore,  contained  no  lime ;  but  it 
instantly  rendered  cudbear  paper  violet,  and  therefore  contained 
sn  excess  of  potash.  Hence  the  muriatic  acid  united  with  the 
iime  had  not  been  sufficient  to  saturate  the  whole  of  the  potash. 
It  is  clear  from  this  that  an  atom  of  lime  is  heavier  than  3-375. 

These  experiments  are  sufficient  I  ti-ust  to  satisfy  the  readei 
that  tfie  true  weight  of  an  atom  of  hme  is  3-5. 

3.  1  found  much  less  difficulty  in  determining  the  wei^t  of 
«n  atom  of  magnesia  than  of  lime.  Sulphate  of  magnesia  mw 
be  exposed  to  a  red  heat,  and  rendered  thoroughly  dry  without 
losing  any  of  its  acid,  if  the  experiment  be  properly  conducted. 
If  the  weight  of  an  atom  of  magnesia,  which  I  have  assigned, 
fismely,  2-5  be  correct,  it  is  obvious  that  anhydrous  sulphate  dl 
Magnesia  is  composed  of 

Sulphuric  acid 5-0 

Magnesia 2'5 

Sulphate  of  magnesia 7-5 

Anhydrous  chloride  of  barium,  as  I  demonstrated  in  a  former    i 
paper,  is  composed  of 

Chlorine 4-5 

Barium 8-75 

Chloride  of  barium 13-25  ' 

7'5  grs.  of  anhydrous  sulphate  of  magnesia,  and  13-25  grs.  of 
<(^Ioride  of  barium,  were  respectively  dissolved  in  two  distinct 
portions  of  distilled  water,  and  the  solutions  mixed  togethei^ 
»nd  well  agitated.  After  the  sulphate  of  barytes  had  subsided,  a 
portion  of  th^ clear  liquid  was  drawn  off  and  examined  :  neither 
Aulphate  of  soda  nor  nitrate  of  barytes  occasioned  any  precipitate 
"~muddiness  in  it.     Hence  it  is  obvious  that  the  Uquid  neitheir 
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contained  any  barytes  nor  any  sulphuric  acid  in  solution;  bd 
that  the  sulphuric  acid  in  the  7*5  grs.  of  sulphate  of  mas^esia 
had  just  saturated  the  baryteS'  from  13*25  grs.  of  chlonde  of 
barium.  It  is  obvious  then  that  the  true  weight  of  an  atom  of 
ma^esia  is  2*6 ;  therefore,  the  atomic  weight  assigned  by 
Dalton  and  Wollaston  is  too  small,  while  that  assigned  by  Ber- 
zelius  is  too  high.  Accordingly,  if  we  mix  together  anhydrous 
sulphate  of  magnesia  and  chloride  of  barium  in  the  proportions 
indicated  by  these  numbers,  we  shall  in  the  one  case  find  an 
excess  of  sulphuric  acid,  and  in  the  other  of  barytes,  in  the  liqaid 
after  the  precipitate  has  subsided,  indicating  obviously  an  error 
in  the  weight  of  the  salts  thus  mixed  together,  and  consequently 
an  error  in  the  numbers  assigned  by  these  gentlemen  for  the 
weight  of  an  atom  of  magnesia. 

4.  The  weight  of  an  atom  of  phosphoric  acid  has  cost  me 
first  and  last  a  good  deal  of  trouble.  I  have  the  happiness, 
however,  at  last  to  be  able  to  lay  before  the  reader  experiments 
of  so  decisive  a  nature  that  no  doubt  nor  uncertainty  can  rest 
upon  the  subject  for  the  future.  In  the  year  1816  I  drew  up  a 
paper  upon  the  subject,  the  result  of  a  good  many  experiments, 
which,  was  read  before  the  Royal  Society.  Some  discussion 
took  place  in  the  committee  of  papers  relative  to  these  experi- 
ments ;  and  Dr.  Wollaston,  who  was  a  member  of  that  commit- 
tee, and  to  whose  friendship  and  assistance  I  have  been 
very  frequently  obliged,  kindly  brought  the  paper  to  me  to  give 
me  an  opportunity  of  correcting  3ome  numencal  mistakes  which 
ne  had  observed  in.it*  By  this  time  I  had  made  the  experiments 
on  phosphuretted  hydrogen. gas,  which  were  soon  after  published 
in  the  Annals  of  Philosophy.  These  experiments  had  made  me 
acquainted  with  the  true  weight  of  the  atom  of  phosphorus, 
phosphorous  acid,  and  phosphoric  acid,  and  had  explained  all 
the  errors  into  which  I  had  fallen  in  my  ori^nal  j^per.  I  had, 
dierefore,  been  extremely  desirous  of  vritbdrawing  my  paper 
firom  the  Royal  Society,  in  order  to  have  an  opportunity  of  cor- 
recting it.  Of  course,  when  it  was  put  into  my  hands  by 
Dr.  Wollaston,  I  requested  of  the  Society  to  be  allowed  to  keep 
it,  and  this  request  they  were  kind  enough  to  indulge  me  in. 

Just  at  the  time  that  my  proof  sheet  giving  an  account  of 
phosphorus  in  the  fifth  edition  of  my  System  of  Chemistry  was 
m  my  possession,  I  received  Mr.  Dalton's  short  paper  on  phos- 

5huretted  hydrogen  gas,  which  was  printed  in  the  Annals  of 
Philosophy,  In  that  paper  Mr.  Dalton  states  that  phosphuretted 
hydrogen  gas  is  capable  of  condensing  twi(*.e  its  volume  of 
oxygen  gas.  I  iiad  just  before  been  informed  by  Gay-Lussac  of 
Dulong's  discovery  of  hypophosphorous  acid,  and  had  read  over 
Berzelius's  paper  on  phosphorus  and  its  compounds,  in  which  he 
shows  by  a  number  of  analyses  agreeing  very  well  with  each 
•othec  tibat  the  atomic  weight  of  phosphoric  acid  is  4*5,  or  «t 
Jtast  Terynear  that  niimbw;    Being  perfectly  sure  of  the  aocu- 
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racy  of  my  own  experiments,  and  not  suspecting  any  inaccuracy 
in  Mr.  Dalton's,  I  naturally  concluded  that  phosphuretted 
hydrogen  gas  was  capable  of  uniting  with  three  proportions  tif 
oxygen  gas ;  namely, 

1  volume  phospliuretted  hydrogen  with  1-0  volume  oxygen 
1 2-0 

The  first  two  of  these  proportions  were  my  own  ;  the  last  was 
Dalton's.     Now  phosphuretted  hydrogen  gas  is  composed  of 


1  ™lume  hydroge»  gas  "l  ^„„j„„j  ■ 

1  volume  phosphorous  vapoorj 


I  to  one  volume. 


Tlie  volume  of  hydrogen  gas  requires  half  a  volume  of  oxygen 
gas  to  convert  it  mto  water.     Therefore,  we  have 

i  volume  phosphorus  uniting  with  0*5  volume  oxvgen 

1 1-0 

1 1-j 

This  is  the  same  thing  as  saying  that  an  atom  of  phosphorus 
unites  with  one  atom,  two  atoms,  and  three  atoms  of  oxygen.  I 
had  demonstrated  that  an  atom  of  phosphorus  weighs  1*5. 
Hence  it  was  obvious  that  the  weights  of  these  three  compounds 
of  oxygen  and  phosphorus  must  be  as  follows  : 

First  compound 2'5 

Second  ditto .  ; 3-5 

Third  ditto 45 

I  concluded  that  these  three  compounds  were  hypophospho- 
.rous  acid,  phosphorous  acid,  and  phosphoric  acid.  This  recon- 
ciled my  own  experiments  with  those  of  Dalton  and  Berzefius. 
I  was  induced  by  this  reasoning,  which  will  be  admitted  to  be 
su6Sciently  plausible,  to  alter  the  proof  sheet,  and  to  bring  it  to 
the  state  in  which  it  appeared  in  the  fifth  edition  of  my  System 
of  Chemistry. 

Soon  after  this  I  went  to  Glasgow,  and  nearly  a  year  elapsed 
before  I  was  in  possession  of  a  laboratory,  or  had  it  in  my  power 
to  return  to  the  subject.  As  soon  as  !  had  the  means  I  tried 
Mr.  Dalton's  experiment,  and  was  a  good  deal  sui-prised  to  find 
it  inaccurate.  1  was  unable  to  obtain  a  complete  combustion  of 
■a  mixture  of  one  volume  phosphuretted  hydrogen  gas  and  two 
Tolumes  of  oxygen,  I  was  now  satisfied  that  my  original  views 
on  the  subject  were  correct ;  and  Davy's  paper  on  the  subject, 
which  appeared  about  this  time,  and  which  agreed  exactly  with 
my  original  views,  served  to  confirm  my  opinion,  Berzelius'i 
experiments  still  remained  to  be  accounted  for.  I  was  satisfied 
that  they  must  be  inaccurate ;  but  the  difficulty  was  to  hit 
upon  a  method  of  demonstrating  them  to  be  so.    The  experi- 
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ments.  which  I  am  now  going  to  relate  will  leave  no  doubts  on 
the  subject  in  the  mind  of  any  practical  chemist.  I  do  not 
know  how  BerzeUus  has  deceived  himself;  but  that  he  laboured 
under  some  deception  or  other  will  not  admit  of  a  doubt. 

It  would  be  tiresome  and  perfectly  unnecessary  to  relate  the 
numerous  experiments  which  I  made  to  determine  the  weight  oT 
an  atom  of  phosphoric  acid.    I  shall  confine  myself  to  those 
which  answered  tne  object  that  I  had  in  view. 

If  Berzelius's  opinion  respecting  the  weight  of  an  atom  oT 
phosphoric  acid  be  true,  then  anhydrous  phosphate  of  soda  ia 
comj)osed  of 

Phosphoric  acid •«•«••••  4*5 

Soda 4-0 

Phosphate  of  soda '.••••••..•  8*5 

We  have  seen  in  a  former  paper  that  dry  nitrate  of  lead  is« 
composed  of 

Nitric  acid • 6*75 

Protoxide  of  lead • 14*00 

Nitrate  of  lead 20*76 

To  put  Berzelius's  analyses  to  the  test  of  experiment,  I 
exposed  a  quantity  of  pure  crystallized  phosphate  of  soda  to  a. 
red  heat,  and  kept  it  in  fusion  for  half  an  hour.  8*5  grs.  of  this, 
anhydrous  salt  and  20*75  grs.  of  dry  nitrate  of  lead  were  respec- 
tively dissolved  in  separate  portions  of  distilled  water,  and  the 
solutions  were  intimately  mixed  together.  After  the  phosphate 
.  of  lead  had  precipitated,  a  portion  of  the  clear  liquid  was  drawn 
ofi*  and  examined.  It  yielded  a  white  precipitate  when  mixed 
with  nitrate  of  lead  and  with  muriate  of  lime.  Hence  it  obviously^ 
contained  phosphoric  acid  in  solution.  Hence  the  oxide  of  lead, 
in  20*75  grs.  of  nitrate  of  lead  is  not  capable  of  neutralising  all. 
the  phosphoric  acid  in  8*5  grs.  of  anhydrous  phosphate  of  soda- 
It  follows  from  this  that  Berzelius's  statement  of  the  composition 
of  phosphate  of  soda  is  incorrect. 

if  my  own  opinion  respecting  the  composition  of  phosphoric 
acid  be  true,  its  weight  must  Jbe  3*5,  and  anhydrous  phosphate 
of  soda  must  be  composed  of 

Phosphoric  acid 3*5 

Soda 4*0 

Phosphate  of  soda  ^ , 7*5 

.  To  verify  this  opinion,  7*5  grs.  of  anhydrous  phosphate  of 
soda  and  20*75  grs.  of  dry  nitrate  of  lead  were  dissolved  respec- 
tively in  separate  portions  of  distilled  water,  and  the  solution* 
luix^  together.    After  the  phosphate  of  lead  had  subsided,  a 
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portion  of  the  clear  liquid  was  drawn  off  and  examined,  ti 
yielded  no  precipitate  when  mixed  with  niliate  of  lead  or  muriatB 
of  lime  ;  and,  therefore,  contained  no  phosphoric  acid  in  solu- 
tion ;  neither  was  it  affected  when  sulphate  of  soda  was  droppad 
into  it — a  proof  that  it  was  equally  free  from  lead.  We  see  tfaea 
that  the  phosphoric  acid  in  7'6  grs.  of  anhydrous  phosphate  (rf 
soda  is  exactly  neutralized  by  the  oxide  of  lead  in  20'76  grs.  of 
nitrate  of  leaa.  Therefore  an  atom  of  phosphoric  acid  weigfa 
3"5,  and  phosphate  of  lead  is  composed  of 

H  Phosphoric  acid  . .     3-5    20    ....   100 

h  Oxide  of  lead 14-0    ....  80    ....  400 


Here  then  is  the  source  of  Berzelius's  mistakes.     He  makes 

the  composition  of  phosphate  of  lead  to  be 

Phosphoric  acid 100 

Protoxide  of  lead 314 

I  do  not  knosy  the  reason  of  this  ditference.  It  must,  I  think, 
be  owing' either  to  a  mixture  of  two  phosphates  of  lead,  or  to  the 
formation  of  a  compound  different  from  neutral  phosphate  of 
lead.  I  obtained  a  result  approaching  to  that  of  Berzeliua,  whea 
I  attempted  to  determine  the  composition  of  phosphate  of  lead 
by  direct  experiments.  But  be  the  cause  of  the  error  what  it 
may,  there  can  be  no  doubt  entertained  of  its  existence,  at  least 
by  any  person  who  will  take  the  trouble  to  repeat  the  experiment 
which  1  have  just  described. 

We  see  that  the  weights  of  the  atom  of  phosphoric  acid  and 
of  hme  are  exactly  equal.  Hence  neutral  phosphate  of  Ume  is 
composed  of 

Phosphoric  acid 50 

Lime 50 


When  1  first  attempted  to  determine  the  weight  of  an  atom  of 
phosphoric  acid,  I  had  recourse  to  salts  of  lime,  knowing  the 
perfect  insolubility  of  phosphate  of  Hme  in  water.  1  dissolved 
determinate  weights  of  carbonate  of  lime  in  muriatic  acid,  evapo- 
rated the  solution  to  dryness,  and  mixed  it  with  a  determinate 
weight  of  phosphate  of  soda ;  but  I  soon  found  that  it  is  impoa- 
eible  to  precipitate  lime  completely  from  a  muriatic  acid  solution 
of  lime  (though  perfectly  neutral)  by  means  of  phosphate  of  soda. 
The  solution  of  muriate  of  soda  has  the  property  of  holding  phos- 
phate of  hme  in  solution,  and  the  presence  of  lime  is  always  J 
indicated  in  the  clear  solution  by  means  of  oxalate  of  ammonia, 
which  throws  down  a  copious  precipitate  of  oxalate  of  lime.  I 
*"Wf  no  doubt  that  this  solubility  ot  phosphate  of  lime  in  sola- 
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tioDB  of  muriate  of  soday  and  probably  ia  many  other  saline 
aokitioniy  has  nuded  experimenters  in  their  attempts  to  analyze 
ihe}diOBphates. 

.1  intend  the  first  leisure  opportunity  to  correct  my  old  paper 
on  phosphoric  acid^  and  give  it  to  the  public.  It  contains  many 
fiicts  iltill  unknown  to  chemists  in  general,  notwithstanding  the 
experiments  of  BerzeUus  on  the  subject;  and  now  that  I  am 
aware  of  what  the  true  composition  of  the  phoiiphates  is,  it  will 
not  be  so.difBcult  to  obtain  accurate  results., 

5.  The  exact  knowledge  of  the  weight  of  an  atom  of  arsenic 
acid  is  of  considerable  impoii^nce  towards  the  perfection  of  the 
atomic  theory.  Hitherto  Berzelius  is  almost  the  only  person  who 
has  made  direct  experiments  to  determine  the  atomic  weights  of 
arsenious  and  arsenic  acids.  He  has  concluded  from  his  experi- 
ments, and  the  conclusion  seems  to  have  been  acquiesced  in  by 
chemists  in  general,  that  the  oxygen  in  arsenious  and  arsenic 
acids  are  to  each  other  in  the  ratio  of  3  to  5.  It  will  be  seen 
from  the  table  near  the  beginning  of  this  paper,  that  my  atomic 
number  for  the  weight  of  an  atom  of  arsenic  acid  very  nearly 
agrees  with  that  of  BerzeUus.  In  a  jiaper  published  in  a  late 
volume  of  the  Antiah  of  Philosophy ^  indeed,  I  endeavoured  to 
show  that  the  double  of  my  number,  or  14*5,  which  very  nearly 
agrees  with  the  number  actually  pitched  on  by  Berzelius,  is  the 
real  weight  of  the  atom  of  arsenic  acid.  The  object  which  I 
had  in  view  was  to  get  rid  of  certain  fractions  which  disfigure 
the  composition  of  arsenious  and  arsenic  acids  as  I  represetnted 
them  in  Uie  fifth  edition  of  my  System  of  Chemistry.  The  expe- 
riments which  I  am  now  going  to  relate  will  show  how  far  these 
views  are  consistent  with  matter  of  fact. 

If  arseniate  of  soda  in  crystals  be,  as  I  represented  it  in  a  pre- 
ceding paper,  a  compound  of  1  atom  arsenic  acid  =  14*5  and 
1  atom  soda  =  4,  then  its  composition  must  be  as  follows  : 

Arsenic  acid 14*6 

Soda 4*0 

Arseniate  of  soda  • ' 18*5 

We  have  seen  already  that  nitrate  of  lead  is  composed  of 

Nitric  acid 6*75 

Protoxide  of  lead 14*00 


t 


Nitrate  of  lead 20*75 

18*5  grs*  of  arseniate  of  soda  previously  kept  in  a  state  of 
igneous  fusion  for  half  an  hour  in  a  platinum  crucible,  were  dis- 
solved in  distilled  water.  20*75  grs.  of  nitrate  of  lead  were 
dissolved  in  another  portion  of  distilled  water,  and  the  two  solu- 
tions mixed  intimately  with  each  other.  After  the  arseniate  of 
lead  had  subsided,  the  clear  liquid  was  drawn  ofi^and  examined* 
When  mixed  with  nitrate  of  lead,  a  very  copious  precipitate  fell. 
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Blowing  that  the  hquid  still  contained  a  great  deal  of  arsenic 
acid ;  consequently  the  supposition  that  the  ciystallizable  ar&o- 
niate  of  soda  is  a  compound  of  one  atom  arsenic  acid  and  one 
atom  soda  cannot  be  well  founded.  This  will  appear  still  more 
clearly  by  the  following  experiment : 

Supposing  that  the  crystallized  arsentate  of  soda  contained 
two  atoms  of  arsenic  acid  united  to  one  atom  of  soda,  I  took  a 
quantity  of  carbonate  of  lime,  equivalent  to  two  atoms  of  lime, 
which  is  obviously  12'5  grs. ;  ior  carbonate  of  lime  is  cOm' 
posed  of 

Carbonic  acid 2'75 

Lime 3'50 

Carbonate  of  lime 6-25 

And  6'25  x  2  =  12'5.  This  quantity  I  dissolved  in  muriatic 
acid,  evaporated  the  solution  to  dryness,  and  dissolved  the  dry 
salt  in  distilled  water.  18'5  grs,  of  dry  arseniate  of  soda  were 
dissolved  ia  another  portion  of  distilled  water.  These  two 
liquids  were  mixed  together.  1  was  surprised  to  find  that  no 
precipitate  of  arseniate  of  lime,  or  at  least  only  a  very  alight  one, 
appeared.  The  solution  had  the  property  of  reddening  vegetable 
blues.  We  see  from  this,  that  binarseniate  of  soda  is  incapable 
of  decomposing  muriate  of  lime.  When  ammonia  was  poured 
into  the  solution,  a  copious  precipitate  of  arseniate  of  lime  fell 
in  small  silky  needles.  After  the  precipitate  had  subsided,  the 
clear  liquid  was  found  to  precipitate,  when  mixed  with  oxalate 
of  ammonia.  It,  therefore,  contained  an  excess  of  hme.  Thia 
experiment  shows  clearly  that  the  crystallized  arseniate  of  soda 
is  a  binarseniate,  and  that  an  atom  of  arsenic  acid  weighs  more 
than  7-25,  the  weight  which  I  assigned  in  the  fifth  edition  of 
my  System  of  Chemistry. 

After  a  great  many  trials,  which  I  consider  it  as  useless  to 
relate,  I  found  that  19'5  grs.  of  binarseniate  of  soda  and  41'5 
grs.  of  nitrate  of  lead,  when  separately  dissolved  in  distilled 
water,  and  the  solutions  well  mixed  together,  after  all  the  arse- 
niate of  lead  had  precipitated,  left  a  clear  liquid  which  contained 

■    ■       ofoV  "'         '  "  ■.  n,>     .    .- 


no  sensible  quantity  of  oxide  of  lead,  or  of  arsenic  acid.  But  if 
18'5  grs.  or  19  grs.  of  binarseniate  of  soda  were  employed,  an 
excess  of  lead  always  remained  in  solution.  From  this  experi-' 
ment,  it  is  obvious  that  the  equivalent  number  for  anhydrous 
binarseniate  of  soda  is  19'5,  and  that  it  is  a  compound  of 
2  atoms  arsenic  acid  =  16'5,  and  1  atom  soda  =  4. 

Hence  an  atom  of  arsenic  acid,  instead  of  weighing  7'25,  as  I 
supposed,  weighs  in  fact  7*75,  and  arseniate  of  lead  is  a  com 
pound  of 

Arsenic  acid 7'75 

Protoxide  of  lead 14-00 

Arseniate  of  lead 21'7d 
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There  is  reason  to  conclude  from  the  experiments  made  hf 
different  chemists  on  arsenic  and  arsenious  acid,  that  the  weight 
of  an  atom  of  arsenic  is  4*75.  It  may  be  seen  by  consulting  my 
System  of  Chemistry  (either  fifth  or  sixth  edition)  that  BerzeUus's  r 
experiments  lead  to  the  conclusion  that  arsenious  acid  is  a  com- 
pound of  4*75  arsenic  +  1*5  oxygen.  The  preceding  experiment 
leaves  no  doubt  that  arsenic  acid  is  a  compound  014*75  arsenic 
+  3  oxygen.  Thus  we  have  these  two  acids  composed  as 
follows : 

Arsenious  acid  of.  . .  4*75  arsenic  +1*5  oxygen 
Arsenic  acid  of.  ....  4*75  +  3*0 

We  see  that  the  oxygen  in  these  two  acids  has  not  the  ratio  . 
of  3  to  5,  as  BerzeUus  supposed,  but  of  1  to  2.  The  anomaly 
of  1-^  atom  of  oxygen  combined  with  1  atom  of  arsenic  in  arse- 
nious acid  still  continues.  I  have  not  yet  hit  upon  a  method  of 
puttinff  the  atomic  weight  of  an  atiMn  of  arsenious  acid  to  the 
test ^an  unequivocal  experiment;  bat  I  have  Uttle  doubt  that 
t^e  true  we^bt  of  oxygen  in  arsenidw  acid  combined  with  4*75 
arsenic  i»  2  ;  and  that  the  oxygien  in  arsenious  and  arsenic  ackUi 
have  to  each  other  the  ratio  of  2  to  3 ;  as  is  the  case  in  sulphu- 
rous and  sulphuric  acids.  I  conceive  the  atomic  weights  of 
arsenic,  arsenious,  and  arsenic  acids,  to  be  as  follows  : 

Weight  of  atom. 

Arsenic 4*75 

Arsenious  acid ; 6*75 

Arsenic  acid 7*75 

The  two  acids  are  composed  as  follows  : 

Arsenious  acid  1  atom  arsenic  +  2  atoms  oxygen 
Arsenic  acid . .  1  +3 

I  do  not  despair  of  being  able  to  decide  this  very  important 
point  hereafter  by  satisfactory  experiments.  In  the  mean  time 
we  may  conclude  that  the  ratio  of  2  to  5,  which  Berzelius  has 
endeavoured  to  establish  in  the  oxygen  combining  with  phos- 
phorus and  with  arsenic,  does  not  exist.  This  is  a  simplificatioa 
of  the  atomic  theory  of  some  importance.  I  am  thoroughly  per- 
suaded that  as  we  proceed  in  our  investigations,  the  simplicity 
of  the  atomic  theory  will  become  more  and  more  apparent.  The 
complex  numbers  of  Berzelius  will  all  disappear ;  and  the  appli- 
cation of  mathematical  reasoning  will  by  and  by  enable  us  to 
advance  with  unexpected  rapidity  in  the  chemical  investigation 
of  the  vegetable  and  animal  kingdoms. 
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Mr.  Wiliiam  Phi/lips  oti  p. 

Article:   II. 

Oti  the  Geologv  of  the  Malvern  Hills.     By  William  Phillipa,     I' 

FLS.  MGS  X  &  C.  and  Hon.  Mem.  of  the  Cambridge  Philo- 
■  sophical  Society. 

TuE  Malvern  range  of  hills  is  peculiarly  interesting  as  being 
Burrounded  by  deposits  which  appear  to  have  little  geologicd 
connexion  with  its  racks,  as  well  as  fr^n  the  remarkable  com- 
position of  the  latter.  In  the  first  volume  of  the  Transactions 
of  the  Geological  Society,  there  is  an  interesting  communication 
on  tite  subject,  by  Leonard  Homer,  Esq.  FRS.&c;  but  having, 
ae  1  imagine,  observed  some  circumstances  deserving  of  note 
which  escaped  the  notice  of  that  gentleman,  I  venture  to  sup- 
pose them  worthy  of  a  place  in  the  Annals  of'  Philosophy ;  and 
ae  it  would  be  difficult  to  render  these  observations  intelligible 
without  giving  a  general  accoont  of  the  range,  I  am  induced  to 
incorporate  them  with  extracts  from  the  paper  above-mentioned, 
distinguishing  such  extracts  by  placing  them  between  inverted 
commas ;  thus  aSbrding  to  the  traveller  a  comprehensive  view 
(^tbis  singularly  interesting  i^nge,  but  premising  that  be  w^-,  i 
find,  in  the  tirst  volume  oi  the  Transactions  of  Uie  Geological^ 
Society,  many  mlnutite  which  do  not  appear  essential  to  the 
present  object,  which  is  primarily  to  show  that  the  rocks, of  this 
lange  are  occasionally  stratified ;  and  secondly,  to  do  away  tte 
too  commonly  received  and  erroneous  opinion  that  they  partly 
consist  of  granite. 

"  The  Malvern  hills  are  situated  in  the  ciouth-westem  part  ^ 
Worcestershire;  the  boundary  which  divides  the  counties  of, 
Worcester  and  Hereford  passes  along  their  western  side.  They  - 
consist  of  an  uninterrupted  chain  of  about  nine  miles  in  lengm 
from  north  to  south,  tWir  greatest  breadth  not  exceeding  two 
miles.  The  several  parts  of  the  chain  present  roundish  suiil-^ 
inits,"  but  the  nearly  continuous  line  formed  by  the  summit  oij 
the  central  part  of  the  range  forms  a  remarkably  narrow  ridge— 
which,  except  here  and  there,  is,  in  common  with  the  rest  (^ 
these  hills,  covered  with  short  grass  and  moss  :  fern  is  also  seen, 
on  the  sides,  except  where  the  rocks  rise  from  beueatJi  tlu^ 
Tegetation. 

"  The  highest  point  of  the  range  is  the  Worcestershire) 
Beacon,  which  is  1444  feet  above  the  level  of  the  sea;  tUe^ 
Herefordshire  Beacon,  and  North  Hill,  are  somewhat  lower."      , 

The  range  is  flanked  on  the  western  side  by  hmestone  iOi 
remarkably  regular  strata  dipping  generally  to  the  north  or 
north-west,  at  a  low  angle,  and  on  the  east,  and  the  north  and 
south  extremities,  by  the  New  Red  Sandstone  or  Red  Marie, 
which  is  visible  beside  the  road  in  two  or  three  places  on  the 
Boutb  ot  Great  Malvern,  at  a  higher  elevation  than  that  place. 
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and  at  the  nearest  to  it  in  strata  dipping  to  the  east  conformitble 
with  the  dip  of  the  hill,  it  is,  theretorei  very  considerably  hiriicr 
than  the  country  on  the  east  of  the  range  which  consists  ofuie 
same  deposit. 

The  soil  which  supports  the  moss  and  erass  with  which  theii^ 
hills  are  generally  covered  appears,  for  a  few  inches  in  depUK  to 
assume  the  character  of  vegetable  mould,  but  that  there  is  below 
it»  and  covering  the  rocks  of  which  the  hills  are  constituted,  a 
depth  of  loose  earth,  is  not  only  evinced  by  the  generally  smooth 
surface  of  the  hills,  and  by  the  occasional  openmgs  beneath  the 
vegetation,  but  also  by  the  fresh  mole-hills  which  are  found  in 
many  places,  and  even  near  the  summits  of  some  parts  of  the 
ranee.  This  loose  earth  varies  in  colour  from  that  of  commoa 
sand  to  a  fawn  colour,  and  in  substance  sometimes  resemUas 
sandy  loam  in  appearance :  it  is  probable  that  it  has  resulted 
from  the  decomposition  of  the  softer  and  more  readily  decom- 
posable rocks  of  these  hills,  and  it  is  owing  to  this  decompositioii 
that  **  the  comparatively  little  opportumty  for  examimng  the 
nature  of  the  rocks  of  this  range  is  confined  to  those  which  rise 
here  and  there  on  the  summits  and  sides  above  the  grassy  covei^ 
ing,  and  to  the  sides  of  the  carriage  road  which  runs  near  its 
base  for  a  considerable  distance  on  both  sides  the  range,  and 
round  its  northern  termination,  and  to  the  quarries  at  the  latter 
place,  and  also  Castle  Morton  quarry,  about  two  miles  soudi 
of  Little  Malvern ;"  to  which  may  be  added  the  loose  masses  in 
the  ravine  behind  Great  Malvern,  and  in  that  between  North  Hitt 
and  End  Hill. 

It  must  be  acknowledged  that  it  is  impossible  to  give 
to  the  rocks  of  these  hills  one  general  designation ;  but  uiey 
appear  to  belong  to  sieuite  and  the  trap  formation.  The  difier- 
ence  between  sienite  and  greenstone  consists  only  in  the  colour 
of  the  felspar.  These  rocks  may,  for  the  most  part,  be  denomi- 
nated greenstone;  often,  however,  they  consist  decidedly  of 
sienite^  and  sometimes  may  properly  be  termed  sienitic  green^ 
stone ;  occasionally  epidotic  sienite.  Whenever  the  felspar 
appears  in  any  considerable  mass,  either  in  the  form  of  a  bed, 
or  stratum,  or  of  a  vein,  it  is  almost  uniformly  of  a  red  colour, 
while  in  those  in  which  that  substance  is  in  small  grains  (and 
is  sometimes  so  small  that  the  rock  appears  homogeneous),  it 
is  most  commonly  white,  or  of  a  greyish-white  colour,  more 
rarely  red. 

The  minerals  of  this  ran^e  may  be  considered  as  being  com- 
prehended in  the  following  list : 

Crystalline  hornblende  may  be  considered  as  being  the  pre- 
vailing rock  of  these  hills. 

Red  felspar  J  often  enclosing  hornblende,  sometimes  mica, 
epidote,  or  calcareous  spar ;  occasionally  interstratified,  and  iii 
veins. 

An  earthy  substance,  sometimes  resembling  Ait\\om^x^<^>  \)^^ 
J^ew  Series,  roL.  i,  b 
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itlb  'Appears  to  be  hornblende  in  a  peculiar  state,  probably  ia 
tfiirt  of  decomposition. 

Mica  in  veins  and  beds,  enclosed  in  felspar,  &c. 

'Talc,  enclosed  in  felspar,  &c. 

Epidole,  both  compact  and  crystallized  in  veins,  and  occa> 
UtOiially  forming  an  integrant  part  of  the  rock. 

Quartz,  in  veins,  and  imbedded  in  felspar. 

Heavi/  spar,  in  veins,  &c. 

Magnetic  iron  ore. 

The  rocks  of  this  range  are  for  the  most  part,  where  they  ca4 
bfe'seen  above  the  surface,  "  con/itsedli/  heaped  together;"  b4 
th&t,  except  in  two  places,  which  will  presently  be  noticed  raoiH 
particularly,  no  decisive  appearances  of  stratification  are  to  b6 
observed,  unless  indeed  we  may  be  allowed  to  infer  the  exist 
ettCe  of  stratification  wheresoever  the  hornblende  rock  assumeif 
a"Blaty  structure,  indicating  the  direction  of  the  dip;  if  this 
inference  be  allowable,  it  may  be  assumed  that  stratihcation  i* 
tnore  common  to  these  rocks  than  it  appears  at  first  sight. 

The  nearest  place  to  Great  Malvern  at  which  a  strong  teiti 
dency  to  regular  stratification  appears,  is  about  three  miles  oft 
ihe  south  of  it,  and  about  100  yards  beyond  the  stone  which  ia 
inscribed  "  Ledbury,  four  miles ."  The  beds  here  consist  chiefty 
of  red  felspar,  from  an  inch  or  less  to  a  foot  in  thickness, 
enblosing  quartz  and  hornblende,  rarely  mica  ;  the  interstratified 
•tibstances  are,  hornblende,  occasionally  mixed  with  talc,  and 
flOtnetiroes  including  a  thin  layer  of  red  felspar  and  quartz,  or  of 
granularfelsparwith  hornblende  greatly  reserablingmica, of  whicS 
&te  «laty  structure  is  parallel  with  the  beds  of  felspar :  here  anj 
tb^e  are  layers  of  granular  quartz,  mica,  felspar,  and  hornblende^ 
(be  plates  of  the  mica  being  parallel  with  the  general  dip  of  the 
beds  ;  hornblende,  sometimes  of  a  slaty  structure,  occasional^ 
CMicurs  in  the  same  direction,  but  it  now  and  then  appears  to 
|tEfsB  into  an  earthy  subatance  having  somewhat  the  appearaucft 
of  lithomarge.  These  beds  vary  from  half  an  inch  to  a  foot  ia 
mickness,  and  though  not  stratified  with  perfect  regularity,  art 
risible  for  nearly  100  feet  in  length,  and  12  or  14  feet  in  height, 
alrove  which  the  hill  is  covered  with  verdure.  Many  of  th6 
Jjeds  may  be  traced  for  several  feet.  These  beds  dip  at  an  angle  of 
nbout  20  degrees  to  the  north-east. 

In  this  place,  these  beds  are  traversed  by  a  dyke  of  green- 
stone, about  two  feet  wide,  except  that  it  narrows  a  little  abodC 
T6  inches  above  the  road,  and  dipping  nearly  north,  at  an  angle 
of  about  70°  with  the  horizon.  The  top  of  this  dyke  protrudert 
above  the  beds  it  traverses,  as  is  represented  in  the  following 
sketch,  but  it  was  not  to  be  perceived  that  these  beds  were  m 
all  disarranged  by  it,  the  portions  of  them  next  to  it  not  beinff 
ttaroed  either  upwards  or  downwards ;  nor  did  they  seem  to  have 
suffered  any  alteration  of  texture  or  appearance  where  the  con- 
^Mbt  was  complete-.     The  greenstone  of  the  dyke  is  ao  remarks- 
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ftbly  fine-grained  as  to  require  the  asBistance  of  a  gloss  to 
discover  tHat  it  is  a  granular  rock,  and  it  lies  in  narrow  layers 
Eunning  nearly  parallel  with  the  aides  of  the  dyke,  but  which  are  - 
traTersed  by  crevices  not  quite  at  right  ttngles,  so  aa  to  divide 
the  layers  into  quadrangular  masses,  which,  though  hard,  ofu  > 
BO  small  and  brittle  as  scarcely  to  afford  a  surface  of  a  squoro- 
inch  from  a  blow  by  the  hammer.  This  appeared  to  be  the  only; ; 
instance  of  a  true  dyke  or  vein  among  the  rocks  of  the  raDg«. 


Pursuing  the  road  from  Great  Malvern  towards  Ledbury,  thtt 
rocks  on  its  side  continue  to  present  some,  though  less  decided 
marks  of  stratification,  until  the  road  turns  nearly  due  west;  and 
just  before  it  has  attained  the  summit  of  the  rise,  a  quan^ 
appears  on  the  top  of  the  hill  on  the  right,  perhaps  100  feet 
aoove  the  road.  This  quany  is  open  to  the  south,  and  her* 
stratificatioQ  is  obvious  from  below.  On  ascending  it,  thtf 
appearaace  is  confirmed ;  stratification  appears  with  neart^ 
toe  same  dip,  but  with  much  greater  regulanty  than  is  appareift' 
in  the  beds  near  tlie  four-mile  atone.  The  quarry  ia  opened  for 
upwards  of  100  feet  in  length,  and  40  feet  in  height;  and  several 
beds  of  the  red  felspar,  which  is  the  prevaiUng  sut^tance,  ma.f 
be  traced  very  httle  short  of  the  whole  length,  many  of  thedk' 
upwards  of  40  feet,  dependent  on  the  fall  on  the  sides  of  the  hilK 
lae  beds  of  felspar  are  thinnest  near  the  summit;  and  the  intet- 
stzatified  substances  resemble  those  of  the  preceding  instance/ 
with  some  exceptions.  Some  of  the  upper  beds  present  inter- 
stratifications  of  felspar,  hornblende,  and  mica  (?)  aud  enclose 
BDoall  masses  of  attractive  iron ;  others  of  slaty  hornblende 
mingled  with  quarts ;  others  again  of  felspar  and  hornblende< 
One  stratum,  above  three  inches  in  thickness,  consisting  wholly  ~ 
of  slaty  hornblende  greatly  resembling  mica,  may  be  traced 
for  about  40  feet  in  length  along  nearly  the  middle  of  the 
quarry. 

In  the  (ront  of  the  quarry,  and  80  detached  as  to  allow  It 
passage  behind  them,  whence  the  rook  had  been  taken  awaj^,' 
stood  two  enormous  blocks,  each  not  less  than  20  feet  in 
height,  and  10  feet  in  other  directions,  of  slaty  hornblende,  of' 
which  the  schistose  structure  was  parallel  with  the  dip  of  th(t 
regular  beds,  which  the  summits  of  these  blocks  still  supported* 
The  upper  parts  of  these  masses,  where  their  structure  was  roost 
regular,  contained  thin  layers  of  red  felspar  enclosing  quartz} 
these  layers  nearer  the  centre  were  less  regular,  ami  neai  ^ft 
b2 
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bottom  were  quite  irregular:  the  hornblende  here  assumed  & 
inore  crystalline  structure;  and  here,  if  not  in  most  other  places, 
the  red  felspar  is  not  crystalline,  but  either  compact,  or 
granular. 

In  several  places  on  the  eastern  side  of  the  range,,  and  parti- 
cularly within  a  mile  south  of  Great  Malvern,  many  of  the  rocks 
in  which  hornblende  greatly  prevails,  have  that  schistose  struc- 
ture which  has  been  mentioned  as  being  parallel  with  the  bedff 
above  described  ;  here,  however,  if  this  structure  is  to  be  consi-' 
dered  as  indicative  of  the  direction  of  the  strata,  they  will,  for' 
the  most  part,  be  nearly  perpendicular  to  the  horizon,  but  mostly 
■with  a  slight  inclination  towards  the  north.  In  no  other  place 
do  marks  so  indicative  of  stratification  appear. 

The  Wych  affords  an  excellent  opportunity  of  viewing  the 
rocks  of  that  part  of  the  range:  it  exhibits  a  complete  jumble  of 
most  of  the  rocks  discovered  in  it,  not  without  some  appear- 
ances of  stratification,  which  by  diie  examination  prove  to  be 
fallacious. 

"  Granite,  rarely  presenting  the  same  appearance  as  that  of" 
Alpine  countries, — noldecidedly  crystalline,—  in  which  sometimes" 
the  quartz,  sometimes  the  mica,  is  wanting,"  has  been  described 
as  being^the  prevailing  rock  at  the  Wych,  as  constituting  a  great 

Salt  of  End  Hill,  and  the  upper  part  of  North  Hill,  and  Swinnit 
(ill ;  but  it  is  also  acknowledged  that  "  the  mere  term  granite 
would  convey  to  most  mineralogists  an  erroneous  idea  of  the 
nature  of  these  rocks."  An  anxious  search  among  these  rocks 
every  where  for  more  than  three  parts  of  the  way  along  them- 
southwards  from  their  termination  on  the  north,  did  not  satisfy 
me  that  even  a  single  hand-specimen  of  well-characterized  granite- 
could  be  found.  Granite  is  commonly  understood  to  he  a  rock, 
in'  which  .its  ingredients,  quartz,  felspar,  and  mica,  are  all 
decidedly  crystalline,  without  the  appearance  of  one  of  them  as 
an  imbedding  substance.  In  the  "  granite"  of  this  range,  the 
felspar  is  invariably  an  imbedding  substance,  and  compared  witlr 
hornblende,  is  rarely  the  imbedded  substance ;  it  maybe  said  rarely 
to  contain  either  quartz  or  mica,  although  each  is  sometimes 
well  defined,  but  never,  as  far  as  my  observation  goes,  is  unac- 
companied by  hornblende.  Hornblende  is  moreover  the  prevail- 
ing rock  of  the  range.  In  the  quarry  on  the  side  of  the  road  to 
Ledbury,  hornblende  rock  supports  the  stratified  "granite;" 
and  in  Castle  Morton  quarry,  on  the  eastern  side  of  the  range, 
large  blocks  of  red  felspar  enclosing  quartz  and  calcareous  spar, 
are  imbedded  in  hornblende  rock.  These  masses  sometime*-., 
appeared  hke  short  thick  veins  crossing  each  other  in  varion** , 
directions,  of  which  the  terminations  were  mostly  visible.  It" 
appears,  therefore,  impossible  to  consider  this  red  felspar  as  a" 
granite,  and  probable  tbat  the  only  reason  why  many,  if  not  most 
of  the  projecting  rocks  of  the  range  exhibit  a  considerable  pro- 
-Vtibn  of  this  "  granite,"  is,  that  the  hornblende  by  which  it 
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was  heretofore  flanked,  and  perhaps  covered,  has  been  decoiOr 
posed  and  converted  into  the  red  earth,  every  where  visiUe 
beneath  the  verdure,  and  often  to  a  considerable  depth ;  and  it 
is  to  this  decomposition  that  we  are  to  attribute  not  only  the 
generally  smooth  surface  of  these  hills,  but  also  the  existence  of 
numerous  masses  of  greenstone,  sienite,  and  red  felspar,  in  the 
valleys,  on  the  sides  of  the  hills,  and  which  still  remain  in 
great  quantity  imbedded  in  the  reddish  earth :  all  these  por* 
tdons  of  rocl^  are  still  angular,  without  exhibiting  any  appear- 
ance of  having  suffered  by  attntion. 

The  alleged  origin  of  this  loose  reddish  earth  seemed  the  more 
plausible  from  finding  that  the  hornblende  rocks,  which  were  ia 
a  state  of  decomposition,  yielded  an  earth  of  the  same  colour  and 
appearance  beneath  the  hammer.  Near  the  sunmier  house  on 
me  top  of  the  ridge,  west  of  Little  Malvern,  it  contains  portions 
of  a  rock  which  have  greatly  the  appearance  of  mica  slate,  and 
also  masses  of  white  quartz ;  while  on  the  western  side,  near  the 
foot,  columnar  masses  of  sandstone  mostly  quandrangular,  and 
sometimes  a  foot  in  length,  and  containing  internal  ochreous 
spots,  are  found  in  loose  earth  beneath  the  verdure. 

The  foregoing  facts,  together  with  an  examination  of  the  pro- 
jecting rocks  of  the  range,  of  the  varieties  of  which  some 
account  is  annexed,  appear  sufficient  to  induce  the  conclusion, 
that  all  are  to  be  considered  as  sienitic,  or  belonging  to  the  trap 
formation,  but  of  a  peculiar  character. 

Annexed  is  a  sketch  of  a  mass 
of  highly  crystalline  hornblende, 
about  four  feet  long,  and  three  feet 
in   other  directions,   which  I   ob- 


served lying  in  the  valley  between 
llorth    Hill   and  End  Hill.     The 


"veins  "  were  of  red  felspar,  enclos- 
ing hornblende.    This  sketch  will  serve  as  a  fair  specimen  of 
the  general  directions  of  the  "  granite  veins  "  of  this  range. 
In  other  masses^  the  veins  were  of  epidote. 

Rocks  of  the  Malvern  Hills j  and  their  principal  Localities* 

Hornblende  is  the  prevailing  substance  of  the  rock  at  Castle 
Morton  quarry  on  the  eastern  side  of  Swinnit  Hill.  It  is 
highly  crystalline  at  that  quarry,  and  sometimes  contains 
roundish  masses  of  calcareous  spar,  in  other  places  specks 
of  red  felspar.  It  is  sometimes  traversed  by  red  felspar  in 
every  possible  direction,  in  veins  which  cannot  be  considered 
other  than  contemporaneous,  from  the  16th  of  an  inch  to  a 
foot  in  thickness,  and  rarely  of  any  considerable  length,  and 
often  terminating  abruptly.  Thin  veins  of  calcareous  spar 
traverse  the  red  felspar  in  various  directions,  striated  con- 
trary to  the  run  of  the  vein  ;  it  often,  contains  hornblende); 
rarely  mica.    It  is  also  the  prevailing  rock  of  the  c^uait^  ^t 


I       ^  Mr.  WiWam  Phillips  on  [Ja«.  1 

tbe  northern  p<ut  i<i'llic:  range.     Hornblende  rock  paBses    I 
into  a 

*' Substance  of  II  <..'il;  ■j^ivcn  rolour,  imperfectly  slaty  texture, 
and  earthy  firacli-.ic-,  and  of  smooth  surface,  aboun dine  at  the 
Wych,"  and  having  the  appearance  of  formincabeathere: 
it  is  interatratiiied  with  beds  of  red  felspar,  a  Tittle  south  of 
the  four  mile-stone  between  Gr^at  Malvern  and  Ledbury. 
That  hornblende  passers  into  this  substance  will  become 
manifest  by  the  iisi:  oi'llie  hammer  at  the  Wych. 

Greemluiie  and  slmiiic  rocks,  both  large  and  small  grained, 
abound  on  tht'  /uiua  of  End  Hill  and  North  Hill,  and  occur 
on  their  summits.  Very  fine  grained  greenstone  occurs, in 
a  columnar  form,  breaking  readily  parallel  to  two  of  its 
planes,  and  sometimes  in  the  form  ot  an  obtuse  rhomboid, 
as  near  the  summit  of  the  Worcestershire  Beacon,  and  on 
End  Hill.  A  hard  and  somewhat  schistose  rock  of  horn- 
blende and  felspar  in  minute  grains  occurs  in  situ  on  the 
western  side  of  the  range,  south  of  the  Worcestershire 
Beacon  :  on  the  eastern  side,  a  little  south  of  Great  Mal- 
vern, are  rocks  of  crystalline  hornblende,  enclosing  speckft 
of  red  felspar  and  quartz,  the  mass  being  traversed  oy  veins 
of  epidote.  Slaty  hornblende  enclosing  specks  and  larger 
portions  of  felspar  occurs  at  the  Wych. 

Hornblende,  reddish  felspar,  and  qiiartz,  "  in  small  grains, 
constitute  some  of  the  rocks  of  End  Hill  and  the  summit  of 
Worth  Hill,  and  form  a  prevailing  rock  of  these  hills.  It 
sometimes  contains  magnetic  pyrites,  veins  of  epidote,  and 
sulphate  of  barytes." 

Hornblende,  felspar,  quartz,  and  a  little  mica,  "  constitute  the 
rocks  on  the  west  side  of  End  Hill ;  and  on  the  side  of  the 
road  leading  up  to  the  Wych,". hornblende  prevails  in  the 
tatter,  and  the  rock  is  schistose. 

Hornblende,  with  a  few  spangles  of  mica,  and  a  little  fehpar, 
"  on  the  ridge  connecting  North  Hill  and  End  Hill. ' 

Hornblende  and  mica  "  are  the  constituents  of  rocks  on  the 
top  of  the  hill  between  the  Worcestershire  Beacon  and  the 
Wych," 

Hornblende  and  mica,  "  in  a  state  of  decomposition,  mixed  with 
red  felspar ;  rocks  of  these  constituents,  and  of  a  slaty 
structure,  occur  on  the  north-east  side  of  the  Worcester- 
shire Beacon,  and  on  the  road  leading  from  Great  Malvern 
to  St.  Anne's  Well." 

Hornblende  and  epidote,  "  with  specks  of  mica,  and  contain- 
ing veins  of  epidote,  constitute  rocks  on  the  north  aide  of 
End  Hili,"  Rocks  of  highly  crystalline  hornblende  enclos- 
ing specks  of  red  felspar  and  epidote  (sometimes  without 
the  latter),  are  found  in  various  places  near  the  northern 
termination  of  the  range. 

Compact  felspar,    "  of  a  pale  flesh    colour,  is    the  prevailing 
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rpck  on  the  side  of  the  road  as  it  rises  along  the  side  of  the 
valley  above  Little  Malyetniy  %nd  winds  rc^Und  the  tibrthero 
face  of  the  H.erQfQrdahire  B^acon/' 
Felspar  and  quartiK^  f'  with  a  Uttlci  micM  ^md  ^idote,' 2ire  de- 
Qjiribad  1^  pmcipjBilly  icowposipg  tl^xooks  of  the.  western 

v^de  qf  th^  FWg^/'. 

.  Comggct  fykpafy  horjiblende^  quartz,  and,  steatite,  **  of  an  earthy 
texture,  imbedding  dQtacbed  ciyatals  of  felBpar,  form  a 
ipck  P9  the  south  side  of  liolly  3mh  Hill.'' 
Opaque  quartz  and  silvery  mica,  **  in  the  form  of  a  vein,  occurs 

on  the  8i(i^  of  the  rofid  ledding  up  to  the  Wych." 

^tbpgr  and  mcq,^  ^\  .united  .by  A  feixugiaow  clay,  aa  far  as 

^      the  closeAesa  of  its  texture  would  admit  of  decision,  formed 

a  massive  rock  exposed  on  the  south  end  of  the  range, 

.r^p  r  c^Ued  .R^gstone  Hul  by  the  quarriersv    The  rock  is  of*  an 

' .', .  .'.  oGvergreen  colour,,  and  is  occasionally  traversed  by  yeioft 

^:iqif  calcareous  spar."  '  ^ 

mimgbinerafe,   '^  fifne  grained,  oi  a    dark-brown  coloux,  ^Jti^ 

.:  :  r.cQinpQaed  of  f^Ispax,  steatite,  and  calcareous  spar,  united 

^\\\.  Vj.A  ferro-argillaceous  ba^e,  and  containing  some  minutiB 

',-.  /,lipf^ks»  of  a  greenish  yellow  substance,  in  diveirging  fibr^^ 

'      '.ijvbicb  is  probably  actinolite.    This  rock,  which  pccura^ii 

^ert.  way  to    the   south  of  the   Herefordshire  Beacon, 

'"    attracts  ihe  magnet."  ■  .x. 

JC^MJojnerate,  of  rounded  masses  and  crvstals  of  quartz  and 

-  '\  tet/q)ar,  with  some  hornblende  united  by  an  argillaceous 

cement,  in  the  neW  road  lately  made  on  the  side  of  Nortib 

HiU. 


Article  III. 


An  Account  of  a  remarkable  Stratum  of  Limestone,  situated  at 

CdldefSide.    {With  a  Plate.) 

The  stratum  of  which,  in  the  following  pages  I  have  endea- 
voured to  give  some  account,  is  situated  in  the  farm  of  Calder 
Side,  in  the  parish  of  Kilbride,  about  10  miles  to  the  south  of 
Glasgow;  and  occurs  in  the  position  noted  in  the  following 
4ftble: 

Feet    Inches. 

.idlo^d  fertb» 
BifewiainoUs  shcde. 
..SlMtigrd.ironstone^  and  reddish-blfick  bitumi- 

;  now  schistus 9  0 

::Pel!6mted  strajbium,  to  be  described  • 1  0 

Koiy.tbiA  atrciJbum  of  reddi^h-blaokscihistus. 

Ironstone.   .••...: 0  .2^ 

Schistm  abounding  in  quartz  saad.  . .» •..  0  6 
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Feet.    Incht*. 
Intercepted  stratum  of  tjuartz. 
Marlyachistu»,iutennediateincolour  between 
greeoish-grey  and  yellowish-grey,  and  con- 
taining the  charred  remains  of  vegetables.     0     10 

Coal. 0       H 

Bituminous  shale 0       2 

BituminouH  shale,  differing  from  the  preceding 

iQ  being  filled  with  nodules  of  ironstone  .,   11       1 
Limestone. 
^t         Schistus  containing  petrified  entrochi,  but  no 

^K  ironstone  nodules 4^-     0 

4^       Lime  of  considerable  thickness,  and  wrought 
''*■  for  the  purposes  of  sale. 

These  strata  are  laid  open  to  view  on  the  side  of  a  steep  bank 
overhanging  the  stream  of  the  Calder,  on  Mr,  Young's  property 
of  Calder  Side  ;  and  a  short  distance  further  up  the  stream  then 
Calder  Wood,  the  seat  of  Sir  W.  Maxwell. 

The  stratum  of  perforated  limestone  is  the  phenomenon  whict 
here  attracts  the  notice  of  the  naturalist.  A  representation  of 
its  appearance,  as  seen  at  Calder  Side,  is  attempted  in  the 
sketch  of  the  section  of  the  strata  (PI.  1.)  mentioned  in  the 
table,  and  I  shall  request  your  indulgence  in  my  endeavouri 
now  to  describe  it  at  somewhat  greater  length. 

To  account  in  a  satisfactory  manner  for  the  formation  of  aoj" 
stratum,  or  to  explain  the  causes  which  have  produced  the  moirt 
common  geological  appearances,  are,  perhaps,  equally  beyond 
the  power  of  human  talent,  as  to  account  for  the  formation  of 
the  perforated  stratum  of  Calder  Side.  For  these  reasons  I 
shall  endeavour  to  confine  myself  to  a  mere  description  of  tha 
appearance  of  this  stratum,  and  avoid  any  speculations  as  to  ibi 
origin.  It  must  be  owned  at  the  same  time  that  while  thft 
'Common  occurrence  of  many  wonderful  and  inexplicable  geolB- 
gica!  phenomena  divest  them  in  our  eyes  of  the  remarkable 
features  which  they  in  reality  possess,  that  the  imagination  is 
Almost  iri'esistibly  set  at  work,  when  so  singular  an  appearanoft 
presents  itself,  as  the  one  now  under  consideration. 

This  stratum  probably  consists  of  millions  of  blocks  reseio- 
bling  those  figured  at  fig.  2,  for  a  great  part  of  it  is  still  coveretl 
by  the  superincumbent  strata  of  schistus,  &c.  When  observed 
in  their  natural  position,  these  blocks  are  placed  on  end,  their 
upper  and  lower  ends  forming  the  upper  and  under  superficies  of 
the  stratum,  which  is  here  nearly  in  a  horizontal  position,  and 
when  first  exposed  by  the  removal  of  the  superincumbent  strata  hag' 
the  appearance  of  a  pavement  similar  to  some  parts  of  the  Giant's ' 
Causeway,  from  the  ends  of  the  blocks  being  so  exactly  fitted, 
and  dovetailed  into  each  other.  This  pavement  is,  however, 
hollow,  and  a  labyrinth  of  concealed  apartments  exists  in  its 
interior^  for  the  blocks  which  at  their  extremities  are  nicely  fitted 
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into  each  other  are  worn  away,  as  it  were>  at  their  centres  into 
tiie  form  represented  at  fig.  2,  and  fig.  1,  section  of  the  perforated 
Btratum. 

The  hollow  parts  of  the  stratum  are  filled  with^  a  fine  earth, 
which  has  much  resemblance  to  Armenian  bole,  and  is  coloured 
with  iron,  bein^  stained  and  streaked,  of  various  tints  of  red, 
orange,  and  yellow.  This  fine  earth  is  constantly  moist,  and  as 
soon  as  it  is  exposed  to  the  air,  it  becomes  covered  with  a  luxu- 
riant coating  of  vegetation,  consisting  of  a  minute  species  of 
conferva,  whose  thm  roots,  resembUng  the  fibres  of  a  spider's 
web,  penetrate  it  in  all  directions.  Such  an  appearance  would 
have  afforded  matter  of  speculation  to  Duhamel  andHenkel,  and 
might  have  assisted  these  philosophers  in  their  researches  rela- 
tive to  what  has  been  termed  the  equivocal  generation  of  plants.* 
Have  the  diminutive  seeds  of  these  confervse  remained  concealed 
for  ages,  locked  up  in  the  interior  of  a  stratum  of  Umestone,  and 
buried  beneath  various  strata  of  schistus  and  ironstone,  and  still 
retained  the  power  of  germinating  as  soon  as  exposed  to  the  air 
of  the  atmosphere  ? 

*'  The  upper  and  under  superficies  of  the  perforated  stratum  are 
thickly  covered  with  petrifactions  consisting  of  a  lesser  variety 
of  entrochi,  and  a  quantity  of  shells  of  the  genus  ostrea,  the 
substance  of  which  does  not  appear  to  have  been  much  changM 
by  the  petrif^in^  process.  At  the  time  when  these  shells 
became  imbedded  in  their  present  situation,  the  animal  inhabi- 
ting them  could  not  have  been  alive,  as  the  valves  are  all  of 
them  found  separate,  and  what  is  remarkable,  those  situatefd 
both  on  the  upper  and  under  superficies  of  the  stratum  have  the 
interior  superficies  of  the  valve  almost  invariably  turned  towards 
the  stratum.  In  the  body  of  the  blocks  only  a  few  entrochi, 
and  none  of  the  bivalve  shells  occur.  A  few  of  the  shells  and 
some  of  the  entrochi  coat  the  surface  of  the  intersticial  vacui- 
ties. What  a  strange  variety  of  causes  must  here  have  been 
called  into  action  to  produce  the  effects  to  be  observed  here* : 
on  the  upper  and  under  superficies  of  the  stratum  we  have  petri- 
factions resembUng  each  other  in  their  nature.  In  what  may  be 
termed  the  body  of  the  stratum,  we  entirely  want  the  more 
recent  and  perfect  of  these  petrifactions ;  viz.  the  bivalve  shells, 
and  have  only  a  few  of  the  entrochi. 

The  same  law  which  seems  first  to  have  acted  in  the  formation 
of  the  perforated  stratum  seems  also  to  have  exerted  its  influence, 
although  only  to  a  very  limited  extent,  upon  the  superincumbent 
utrata  of  schistus  and  ironstone  ;  for  these  strata  seem  to  show  a 
tendency  to  separate  into  somethiag  of  a  crystalline  structure,  as 
it  were  approaching  to  very  imperfect  basaltic  columns  in  the 
direction  of  the  lines  ABC,  fig.  1. 

If  we  could  suppose  that  previous  to  the  blocks  composing*^ 

«  See  Henkel*8  Flora  SatomifaDi,  cfaap.  iL  p.  35  and  36. 
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the  perforated  stratum  having  assumed  their  present  form,  th^y 
had  been  detached  into  distiuct  crystals  by  some  process  similitr 
to  what  basaltic  columas  owe  their  origin  to,  part  of  the  mystery 
might  be  conaidaced  aa  unriddled ;  for  no  accidental  rocks  could 
have  separated  the  stratum  into  these  distinct  blocks ;  but  still 
the  blocks  becoming  each  of  them  thinner  towards  their  ceatte 

■  is  to  be  explained.  Could  a  stream  of  water  percolating  throu^ 
the  interstices  have  reduced  them  to  this  shape?  I  rather  fev 

■  that  the  laws  of  hydraulics  forbid  such  a  supposition.  Tlw 
middle  part  only  of  each  block  is  worn  away ;  both  ends  reinaift 
entire.  Must  we  not,  therefore,  conclude  that  some  extraordi- 
nary operation  depending  on  chemical  laws  has  at  once  formed 
each  separate  block  into  its  present  form ''.  hut  liere  I  must  cajl 
to  recollection  the  inadequacy  of  such  speculations  to  cxplaifi 
the  subject  of  the  present  paper,  and  contine  myself  to  a  relation 
of  facts. 

Many  years  ago  1  had  an  opportunity  of  viewing  from  a  shoft 
distance  an  appearance  which,  if  my  memory  does  not  fail  ms, 
bore  a  considerable  resemblance  to  the  perforated  stratum  (jl 
Calder  Side.  It  was  what  seemed  to  be  a  range  of  holes  resem^ 
bling  in  form  the  holes  made  by  the  Sand  Martin  (Hirundj? 
Riparia)  in  banks  of  sand,  in  which  these  birds  construct  thqr 
nests.  The  holes  which  I  allude  to  were  situated  in  the  froijt 
of  a  steep  rock  overhanging  the  river  Sotha,  near  the  celebrate^ 
falls  of  Trollhatta.  It  was  in  passing  down  the  river  in  the  dusk 
of  the  evening  that  I  saw  them,  so  that  I  could  not  observe 
whether  the  rock  was  stratified  or  not ;  and  indeed  I  should 
probably  not  at  all  have  remarked  them  had  not  the  hoatmaa 
who  conveyed  me  down  the  river  pointed  them  out  to  m^, 
remarking  at  the  same  time  that  they  were  the  residence  ql, 
'.spirits ;  and  that  during  the  fine  nights  in  autumn,  a  brig^^. 
hght  was  seen  to  issue  from  them.  Most  probably  our  ances- 
tors would  at  once  have  referred  the  perforated  stratum  of  Cald^ 
Side  to  the  times  when  various  places  in  Scotland  were  peoplep 
by  the  fairies  of  popular  superstition,  and  dated  its  origin  at  tbp^  ■ 
hands  of  supernatural  beings,  and  explained  its  uses  aa  formioft* 
the  abode  of  the  spirits  of  the  wood,  or  of  the  flood. 

Fig,  1 ,  is  a  section  of  the  strata  at  Calder  Side. 

Fig.  2,  two  of  the  blocks  composing  the  perforated  stratum; 
of  limestone,  taken  from  their  place,  and  seen  in  perspective  as. 
placed  upon  a  wall  near  the  spot.  These  blocks  consist  of  wtu^t 
may  be  termed  an  argillaceous  limestone  of  a  bluish  grey  coloiiTj 
and  of  a  very  slaty  texture.  It  appears  to  contain  much 
bitumen. 


laaiu]  Mi(m  of  Gkhrides^  and  Water.  '9^ 

Article  IV. 

On  the  Action  of  Chlorides  and  Water. 
By  Richard  PhilUps,    FRSE.  FLS.  &c. 

Djffbrent  opinions  appear  to  be  entertained  by  chemists  of 
Ibe  neatest  eminence  and  experience  as  to  the  changes  effected 
on  mose  chlorides  that  are  soluble  in  water  by  solution  in  it* 
On  this  account  I  propose  to  state  such  opinions  as  I  have 
found  detailed  on  the  subject,  and  I  shall  endeavour  to  collect 
the  evidence  which  has  been  adduced  in  support  of  the  differeat 
views  entertained. 

The  question  to  be  solved  may  be  thus  stated :  When  a  chlo- 
ride is  dissolved  in  water^  does  it  remain  a  chloride,  or  is  it  by 
decomposing  water  converted  into  a  muriate  ?  It  is  further  to  b^ 
considered,  whether  the  same  explanation  will  apply  to  all  tb^ 
aqueous  solutions  of  chlorides. 

With  respect  to  the  non-metallic  chlorides,  it  is  to  be  observed 
that  one  of  them,  viz.  chloride  of  azote,  is  insoluble  in  watei:, 
and  consequently  no  change  is  effected  in  the  properties  of  either 
compound.  The  chlorides  of  phosphorus  and  oi  sulphur  on  the 
other  hand  act  with  great  energy  on  water,  and  offer  incoor 
trovertible  evidence  that  water  in  these  cases  suffers  decompor 
sition^  for  the  products  are  such  as  do  not  combine  with  each 
other,  but  exist  in  a  state  of  mixture  in  the  water^  each  possesSr 
its  peculiar  properties.  Thus  when  chloride  of  phosphorus  and 
water  undergo  mutual  action,  the  oxygen  of  tne  water  forma 
phosphorous  acid  with  the  phosphorus,  and  the  hydrogen  unites 
with  the  chlorine  to  form  munatic  acid.  The  percnloride  of 
phosphorus  effecting  similar  decomposition  yields  phosphoric 
and  muriatic  acids ;  and  when  chloride  of  sulphur  and  water 
undergo  mutual  decomposition,  there  are  produced  sulphurous, 
Bulphuric,  and  muriatic  acids. 

Sir  H.  Davy  (Phil.  Trans.  1810)  observes,  that  "  when  water 
is  added  in  certain  quantities  to  Libavius's  liquor,  a  soUd  crystal- 
line mass  is  obtained,  from  which  oxide  of  tin  and  muriate  of 
ammonia  can  be  obtained  by  ammonia.  In  this  case,  the  oxy- 
gen may  be  conceived  to  be  supplied. to  the  tin,  hydrogen  to  the 
oxymuriatic  acid."  In  the  Phil.  Trans,  for  1810,  he  states  more 
distinctly  that  Libavius's  liquor  is  ^'  converted  into  a  muriate 
by  water." 

la  his  Elements  of  Chemical  Philosophy,  Sir  H.  Davy  ha« 
been,  in  many  instances,  quite  explicit  oh  this  point ;  and  hia 
opinions  are  favourable  to  the  idea  that  ^chlorides  become 
muriates  by  being  dissolved  in  water.  Thus  he  states  that  th<» 
perchloride  of  iron  **  acta  with  violence  upon  water,  and  form* 
a  solution  of  red  muriate  of  iron ; "  and  he  observes  that  the 
protomuriate  **  forma  a  eolation  of  greeu  muriaie  q(  \xqu Vj  *^ 
kctioB  upon  water/* 
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In  Dr.  Thomson's  System  of  Chemistry,  I  do  not  meet  witi 
any  detailed  opinion  on  the  subject,  lie  states,  however,  that 
"chloriile  of  antimony  is  decomposed  when  mixed  with  water, 
white  oxide  of  antimony,  and  muriatic  acid,  being  formed," — 
(Vol.  i.  p.  584.)  In  treating  of  the  muriates  generally,  he  refers 
them  to  the  chlorides,  and  of  muriate  of  barytes  he  says,  "  this 
salt  hkewise  will  be  found  under  the  name  of  chloride  of 
barium  j"  and  he  states  that  the  "  crystals  of  chloride  gradually 
lieposil."  From  this  it  would  appear  that  the  crystalline  sail 
usually  termed  muriate  of  barytes  is  considered  by  Dr.  Thomson 
to  be  a  chloride  ;  and  in  the  AiiHah  for  November  last  he  consi- 
ders chloride  of  barium  as  converted  into  muriate  of  barytes  by 
solution  in  water. 

Mr.  Brande  in  his  Manual  (p.  174),  describing  the  properties 
of  metallic  chlorides,  observes,  that  "some  are  soluble,  others 
insoluble,  in  water.  Several  of  them  decompose  water,  givmg 
rise  to  the  formation  of  muriatic  acid  and  an  oxide ;  or  in  some 
cases  to  a  muriate."  Mr.  Brande  has  not,  1  think,  pointed  out 
instances  of  the  production  of  these  different  effects,  but  from 
liis  stating  that  chloride  of  potassium  dissolves  without  decom- 
position in  water,  it  would  appear  that  he  considers  it  to  remain 
a  chloride  in  solution.  Mr.  Brande,  however,  states  distinctly 
that  "  when  chloride  of  manganese  is  dissolved  in  water,  it 
produces  muriate  of  manganese."  The  chloride  and  perchloride 
of  iron  produce  also  he  admits  muriate  and  permuriate  of  iron 
when  acted  upon  by  water,  and  he  allows  similar  decompositioa 
of  water,  and  the  consequent  formation  of  oxide  and  muriatic 
acid,  to  the  chlorides  of  zinc,  tin,  copper,  and  antimony, 

M.  Thenard  in  the  first  edition  of  his  Traite  de  Chimie  ( 1816) 
states,  without  any  reserve,  that  "  all  chlorurets,  when  dissolv- 
ing in  water,  decompose  it,  and  become  hydrochlorates  ;  they 
thus  effect  the  decomposition  of  water  in  the  same  way  as  the 
iodurets,  and  the  two  principles  of  the  water,  the  oxygen  and  the 
hydrogen,  unite  ;  the  tiret  with  the  metal,  and  the  second  witi 
the  chlorine."  In  the  second  edition  of  this  work  (1817), 
M.  Thenard  maintains  the  same  opinion  :  he  states,  however, 
several  of  the  difficulties  which  attend  both  opinions. 

M.  Gay-Lussac,  on  the  other  hand,  in  his  memoir  on  iodine 
{Ajinah,  vol.  v.  p.  125),  observes,  "  We  ought  then  to  admit  S 
as  a  certain  fact,  that  the  muriates  are  all  changed  into  chloru- 
rets, when  melted,  or  even  when  dried,  and  some  of  them  eveil 
by  being  crystallized.  We  may  suppose,  as  we  have  done  for 
the  iodurets,  that  the  chlorurets  dissolve  in  water  withoitt 
undergoing  decomposition,  and  that  when  we  unite  hydrochloric 
acid  with  an  oxide,  the  hydrogen  of  the  acid,  and  the  oxygen  of 
the  oxide  form  water.  Whether  this  be  the  case  ornot,  nothing 
but  chlorurets  exist  at  a  red  heat."  la  subsequent  parts  of  th(> 
same  memoir,  M.  Gay-Lussac  says,  "  I  beheve  that  according; 
to  the  nature  of  the  substance  witn  which  the  chlorine  is  com- 
bined, the  chlorurets  may  dissolve  in  water  without  undergoing 
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decompoaitioD,  or  beins  changed  into  hydrochloratea  during 
thiait  solation/'  He  furmer  states,  **  I  admit  as  a  principle  that, 
we  ou^ht  to  have  a  chloruret  or  a  hydrochlorate  in  solution, 
according  to  the  forces  which  act  in  order  to  decompose  water 
are  greater  or  less  than  those  which  keep  its  elements  united."    , 

In  attempting  to  elucidate  this  as  well  as  every  other  subject, 
it  will  be  better  to  begin  with  those  cases  which  are  too  obviou» 
to  admit  of  question,  and  proceed  to  those  which  are  more 
obscure.  There  are  some  cases  of  the  action  of  water  upon, 
chlorides  which  prove,  I  think,  incontestably  the  decompositioa 
of  the  water,  and  the  union  of  its  oxygen  with  the  metal,  and 
its  hydrogen  with  the  chlorine — I  mean  the  effects  observed 
when  the  chloride  of  bismuth  and  of  antimony  are  acted  upon- 
It  is  quite  evident  that  oxides  of  these  metals  are  precipitated,, 
and  that  muriatic  acid  remains  in  solution.  It  will  be  unques* 
tionably  admitted,  whether  we  dissolve  a  metallic  oxide  in., 
muriatic  acid,  or  take  the  dry  compound  which  remains  after 
evaporating  such  solution,  and  exposing  it  to  a  red  heat,  and 
dissolve  it  m  water,  that  the  solutions  obtained  are  in  all  respects 
similar.  Thus  when  we  dissolve  peroxide  of  iron  in  muriatiC: 
acid,  we  obtain  a  red  coloured  solution;  and  a  similar  eSeci  ia 
produced,  if  we  dissolve  the  perchloride  of  iron  in  water*. 
^Doth  solutions  it  will  be  admitted  contain  either  chlorides  or 
muriates. 

.When  iron  is  put  into  dilute  muriatic  acid,  it  is  well  knowa^ 
that  hydrogen  gas  is  evolved,  and  the  iron  dissolved.  Now  if  we 
conceive  tnis  solution  to  contain  chloride  of  iron,  we  must  sup-- 
pose  that  the  hydrogen  evolved  is  derived  from  the  decomposi- 
tion of  the  muriatic  acid,  and  not  of  the  water ;  and  as  we  obtain 
a  similar  solution  by  dissolving  protoxide  of  iron  in  muriatic 
acid,  we  must  suppose  that  the  oxygen  of  the  oxide  unites  with . 
the  hydrogen  of  the  miiriatc  acid/  that  water  is  formed,  and 
chloride  of  iron  remains  in  solution.  I  say  we  must  admit  the 
evolution  of  hydrogen  from  the  decomposition  of  the  muriatic 
acid  in  the  first  case,  or  we  must  make  the  improbable  suppo- 
sition that  iron,  while  dissolving,  decomposes  water  to  receive 
oxygen  from  hydrogen,  and  that  immediately  afterwards  it 
yields  the  oxygen  to  the  hydrogen  of  the  muriatic  acid,  and  thus 
produces  chloride  of  iron. 

From  these  considerations,  I  think  it  will  involve  fewer  diffi* 
culties  to  consider  this  solution  as  containing  a  muriate  rather 
than  a  chloride.  We  have  in  this  case  only  to  admit,  as  is. 
indeed  generally  allowed,  that  the  hydrogen  is  evolved  from  the 
decoinposition  of  the  water,  and  not  of  the  acid;  and  when  the 
oxide  of  iron  is  dissolved  in  Uquid  muriatic  acid,  we  must  con«^ 
sider  that  the  oxygen  of  the  oxide  and  the  hydrogen  of  the  acid- 
do  not  ^rm  water,  but  remain  combined,  the  first  with  the  iron,. 
And  the  hyirogeh  with  the  chlorine. 
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There  are  other  considerations  which  tend  to  strengthen  thlt! 
opinion  that  the  chlorides  of iion  become  muriates  by  decompose; 
ing  and  dissolving  in  water.  If  to  these  solutions  we  add  aa 
slEali  as  potash  or  soda,  oxide  of  iron  is  precipitated.  Now  WIT 
must  either  admit  that  oxygen  is  transferred  from  the  alkahntf" 
oxide  to  the  iron,  which  is  a  possible  case,  that  the  iron  pre- 
viously existed  in  the  state  of  oxide,  or  that  by  some  operation' 
similar  to  that  whicli  has  been  called  predisposing  affinity,  the 
decomposition  of  water  is  effected  at  the  moment  of  the  presei^ 
tation  of  potash  to  chloride  of  iron. 

As  ammonia  contains  no  oxygen,  and  as  it  decomposes  solit^. 
tions  of  iron  as  readily  as  potash,  the  cases  are  reduced  to  two, 
viz.  either  that  the  iron  exists  in  the  state  of  oxide,  or  that  it. 
becomes  so  by  the  intermediate  action  of  the  aramoqia.  It^ 
appears  to  me  that  the  first  is  the  most  probable  case,  althoughJ 
as  I  shall  presently  notice,  the  latter  is  a  possible  one.  Amonr 
the  reasons  which  may  be  advanced  for  supposing  the  solution? 
to  contain  a  muriate  are  the  facts  already  adverted  to  of  the? 
decomposition  of  chloride  of  antimony  by  water ;  another  re  a  soil' 
is  that  that  there  are  some  acids  which  form  insoluble  compoundtf'.' 
with  the  "oxide  of  iron,  such  as  the  phosphoric,  for  example.  Vt 
then  we  add  a  solution  of  phosphate  of  soda  to  a  solution  oC 
nanriate  or  chloride  of  iron,  phosphate  of  iron  is  precipitatpd^ 
which  consists  of  the  acid  united  to  oxide  of  iron,  and  we  are^ 
therefore,  reduced  either  to  admit  that  the  iron  exists  in  thi." 
State  of  oxhide,  or  that  chloride  of  iron  decomposes  water  by  th&?_ 
addition  of  a  solution  of  phosphate  of  soda,  for  which  theni^. 
appears  to  be  no  sufficient  cause,  nor  do  i  recollect  the  occur-^_ 
rence  of  any  such  case. 

The  action  of  water  upon  the  chlorides  of  potassium,  sodium^ 
barium,  Etc.  does  not  appear  to  have  been  more  decided  upon  b) 
chemists  than  other  chlorides  Dr.  Thomson,  as  I  have  alreadi 
noticed,  considers  that  chloride  of  barium  by  solution  in  wat^ 
becomes  a  muriate ;  whereas  M.  Gay-Lussac,  in  a  note  to  *'. 
memoir  I  have  already  alluded  to,  says,  "  On  mixing  solutions  dP^ 
chloruret  of  calcium  and  sulphate  of  ammonia  nearly  in  equatt 
volumes,  the  temperature  scarcely  rose  one  degree  of  Fahrenheit^ 
though  such  a  quantity  of  sulphate  of  lime  was  formed  that  thto 
whole  mixture  became  sohd.  The  solution  of  chloruret  of  bariunffi 
treated  in  the  same  way  produced  an  elevation  of  about  S'S". 
From  these  it  would  seem  that  in  the  solution  of  chloruret 
calcium,  the  metal  is  in  the  state  of  an  oxide,  while  in  that  . 
chloruret  of  barium  the  metal  is  still  in  the  metallic  state."  With? 
respect  to  the  chloride  of  barium,  I  am  certainly  much  nior(P 
inclined  to  adopt  the  opinion  of  Dr.  Thomson  than  of  M.  Gaj^ 
Lnssac  ;  for  it  appears  to  me  extremely  difficult  to  discover  \sfL 
what  kind  of  action  water  is  decomposed  when  sulphate  of  sodf 
for  example,  is  added  in  solution  of  chloride  of^  barium,  — 
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mdeed  this  very  decomposition  on  this  principle  must,  I  thinks 
pirbve  fatal  to  what  seems  to  be  M.  Gay-Lussac's  opinion  that 
(Adoricle  of  sodium  is  not  decomposed  by  water.  It  this  latter 
supposition  be  true,  then,  when  sulphate  of  soda  and  muriate  of 
barytes  suffer  mutual  decomposition,  the  muriate  of  soda  which 
is  formed  must  exist  as  such  only  for  a  moment,  and  water  must 
be  recomposed  to  form  the  chloride  he  supposes  to  exist. 

That  the  different  temperatures  which  are  occasioned  by  dis-t 
living  certain  chlorides  in  water  cannot,  1  think,  be  deemed  a 
criterion  for  determining  the  question  may  be  inferred  from  a 
reiy  ingenious  paper,  contained  in  vol.  xii.  p.  42,  of  the  Annales 
it'  Chimie.  In  this  memoir,  upon  the  analysis  of  mixtures  of 
the  chlorides  of  potassium  and  sodium,  it  is  stated  that  under 
similar  circumstances  a  given  weight  of  chloride  of  potassiun^ 
sinks  Fahrenheit's  thermometer  20*52^,  and  the  same  quantity 
of  chloride  of  sodium  depresses  it  under  the  same  circumstances 
only  3*42^.  Now  it  can,  1  think,  hardly  be  supposed  that  bodies. 
4o  simOar  in  their  affinity  for  oxygen,  as  potassium  and  sodium^ 
should  differ  in  their  action  on  water  when  combined  with  chlo- 
rine. We  may  consider  these  chlorides  and  that  of  barium  as 
Converted  into  muriates  by  solution. 

,  With  respect  to  the  chloride  of  potassium  and  sodium,  there 
are  other  reasons  for  believing  them  to  be  converted  into  mu- 
riates by  solution  in  water.  In  the  first  place,  these  metals  have 
strong  affinity  for  the  oxygen  of  water,  and  so  also  has  the 
chlorine  for  its  hydrogen,  becoming  muriatic  acid  when  its 
aqueous  solution  is  exposed  to  the  solar  light.  As,  however, 
chlorine  and  these  metals  have  also  great  affinity  for  each  other, 
it  is  certainly  possible  that  this  mutual  affinity  may  diminish  or* 
destroy  their  separate  attraction  for  hydrogen  and  oxygen.  It 
must  be  granted,  as  before  noticed,  that  whether  we  dissolve 
dry  chlorides  in  water,  or  saturate  liquid  muriatic  acid  with 
metallic  oxides,  that  similar  solutions  are  produced. 

If  to  the  solutions  of  chloride  of  sodium  or  potassium  we  add 
sulphuric  acid,  their  respective  sulphates  are  formed,  and  ar 
similar  effect,  mutatis  mutandis^  is  produced  when  tartaric  acid 
is  used  with  the  solution  of  potash. 

Now  in  these  operations,  one  of  two  cases  must  occur» 
Supposing  we  have  dissolved  potash  in  muriatic  acid,  and  the 
result  to  be  solution  of  chloride  of  potassium,  water  must  have 
been  formed,  we  then  add  tartaric  acid,  and  this  possesses  the 
power  of  so  acting  upon  the  elements  of  the  solution  that  water 
is  again  decomposed,  and  muriatic  acid  and  potash  again  result, 
as  IS  evident  oy  examining  the  solution  and  the  crystaUine 
deposit  of  the  bitartrate  of  potash. 

The  other  case  is  simply  this ;  viz.  that  the  chloride  of  potas- 
cdum  immediately  decomposes  water,  and  then  there  is  no  ne* 
cessity  for  attributing  this  power  to  the  intervention  of  the  sul- 
phuric or  tartaric  acid. 
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4  one  cnse  which  I  have  already  hinted  at  which 
Appears  to  me  difficult  of  explanation  upon  any  supposition. 
When  cliloride  of  mercury  is  put  into  water,  as  already  noticed, 
tieither  solution  nor  action  takes  place  :  if  we  add  potash  to  the  ^ 
ihixture,  protoxide  of  mercury  is  immediately  precipitated.  Now  jj, 
Jh  this  case  it  would  certainly  appear  to  be  most  probable  that  ^ 
the  oxygen  is  supplied  by  the  potash,  the  chloride  of  potasBium^ 
formed  remaining  as  such  in  solution.  If,  however,  we  substi- 
fute  ammonia  for  potash,  still  the  decomposition  is  effected, 
muriate  of  ammonia  is  fonned,  and  protoxide  of  mercury  pre- 
cipitated. In  this  case  it  would  seem  that  water  is  decom- 
posed by  the  intervention  of  ammonia ;  for  not  containing  any 
oxygen,  it  cannot  yield  it,  as  the  potash  may  be  supposed  to  do. 
It  IS  difficult,  I  think,  to  explain  this  action,  and  on  this  account 
I  am  far  from  denyiijg  the  possibility  of  tartaric  acid  to  effect^, 
that  decomposition  of  water  which  may  be  supposed  to  occi 
when  it  acts  upon  chlorine,  potassium,  and  water.  Certain 
what  ammonia  appears  to  do  in  the  case  of  chloride  of  mercui 
tartaric  acid  may  effect  in  that  of  chloride  of  potassium. 

In  vol.  vi.  p.  185,  of  the  Annals,  M.  Gay-Lussac  says,  "Wh« 
a  solution  of  chloruret  of  calcium  (which  he  supposes  to  existin' 
solution  as  such)  is  mixed  with  subcarbonate  of  ammonia,  the 
chlorine  must  pass  to  the  state  of  hydrochloric  acid,  in  order  to 
Sombinc  with  the  ammonia  ;  "  and  further  on,  he  observes,  "  It 
ib  the  difference  of  solubility  of  subcarbonate  of  lime  and  hydro- 
chlorate  of  ammonia,  which  occasions  the  double  exchange  of 
the  bases  and  acids  ;  and  consei^uentiy  it  is  on  account  of  that 
difference  of  solubility  that  water  is  decomposed." 

"Now  with  much  deference  I  think  this  reasoning  can  scarcely 
be  admitted.  Surely  the  insolubility  of  carbonate  of  lime  cannot 
Set  until  the  carbonate  exists,  and  the  decomposition,  for  whicJl^ 
ffcis  insolubility  is  adduced  to  account,  must  occur  before  it.  it, 
however,  the  kind  of  reasoning  employed  by  M.  Gay'LusBac  is 
admitted,  then  we  may  certainly  account  for  the  decomposition 
of  chloride  of  mercury,  by  supposing  that  it  results  firom  tlie 
affinity  of  uncreated  muriatic  acid  for  ammonia. 
-  After  having  considered  the  subject  (I  confess  with  much 
less  attention  than  the  intricacy  of  it  requires),  I  incline  to 
the  opinion  that  all  soluble  chlorides  are  converted  into  muriates 
bv  solution  in  water.  I  think  it  will  appear,  from  what  I  hare 
stated,  that  fewer  decompositions  must  be  supposed  to  occur  -~^ ' 
this  supposition  than  the  other;  and  it  is  to  he  recollected, 
support  of  this  opinion,  that  no  objection,  as  far  as  I  know,  1 
been  made  against  the  idea  of  the  decomposirion  of  water  aa' 
respects  sulpnuret  of  potash,  or  rather  potassium. 

Admitting  (what,  however,  I  am  by  no  means  dispoaeiJ 
assert)  that  the  opinion  which  I  have  adopted  to  is  most  proba-  ' 
ble,  the  question  still  remains  to  be  decided,  under  what  point' 
of  view  shall  we  regard  those  chlorides,  or  muriates,  whii 


■  -} 


lft21.]      On  2\0O  Iftfe  Attempts  to  ascend  Mont  Blane.  ajT 

ctmtain  water  of  ciystallization.  Are  they  in  their  aystdiiM 
itate  chlorides  or  muriates  ?  I  certainly  in  this  case  also  inclkaM^ 
to  the  opinion  that  they  are  to  be  regarded  as  muriates.  TUi 
idea  is  much  strengthened  by  the  following  passage  ftmn^ 
Dr.  Thomson's  paper,  on  the  '*  True  Weights  of  the  Atonui  4)f 
BfiMrytes,  Potash,  8ic."  (Annah,  vol.  xvi.  p.  331),  **  When  tajB^ 
Iditted  muriate  of  barytes  is  exposed  to  a  red  heat  in  a  platimui 
cmciMe,  it  loses  all  its  water  of  crystallization ;  while  at  the  saioit 
time  the  hydrogen  of  the  muriatic  acid  unites  with  the  oxygeaof 
the  barytes,  and  flies  off  in  the  state  of  watar." 


AmncLE  V. 

Extract  from  **  An  Account  of  Two  late  Attempts  to  asceii$ 
Mont'BlanCfbjf  Dr.  Hamel,  Counsellor  of  State  to  Alt 
Majesty  the  jSniperor  of  all  the  Russias" 

Most  of  our  leaders  are  probably  aware  that  during  the  bfi 
sommer  an  att^nmt  was  made  by  Dr.  Hamel,  in  company  wi^b 
several  other  perfiH>^9  to  reach  the  summit  of  Mont  Blanc  :  it  itf 
equally  weU  Ino^ia  that  during  the  journey,  the  whole  parlgpr 
was  in  the  most  imminent  danger,  and  that  some  of  the  guid^t 
actually  lost  their  jives.  It  is  presumed  that  the  particulaoi  0^ 
this  fatal  expediUpn,  taken  from  the  Bibliotheque^nivera^H 
published  in  Aug^nt  last,  will  be  acceptable  to  the  readers  of  t|ie 
Annals, 

The  first  of  thp  two  attempts  of  which  an  account  is  giiPei^ 
was  undertaken  on  August  3,  the  anniversary  of  the  ascent  oi 
M.  de  Saussure.  Dr.  Hamel,  in  passing  by  the  baths  of  St.  QiOh 
vais,  heard  thai;  two  persons  of  the  country  had  reached  tbj^ 
summit  of  Mont  Blanc,  and  descended  the  same  day  at  Prarioi^ 
whence  they  bad  set  out.  This  report  made  Dr.  Hamel 
desirous  of  atjj^mptin^  this  new  route,  which,  according  tx> 
the  account  given  of  it,  was  less  difficult,  and  dangerous,  andf 
much  shorter^  than  that  by  Chamouny,  which,  since  Saussure^i 
time,  had  always  been  followed. 

It  appears  i^u^t  the  same  persons  who  had  already  a^cendeA 
by  this  route  proposed  again  to  undertake  it,  in  order  to  remove 
some  doubts  which  had  been  entertained  at  Chamouny  wiw 
respect  to  the  practicability  of  the  journey.  With  these  persoti^ 
ana  the  Curates  of  St.  Gervais,  and  St.  Nicolas  de  Verosse,  the 
attempt  was  made  by  Dr.  Hamel. 

In  order  to  insure  success,  it  was  proposed  to  effect  the  ascent 
in  two  days,  passing  the  hight  near  la  Pierre  Ronde,  the  name 
given  to  some  rocks  situated  beneath  L' Aiguille  du  Goute,  and 
at  half-past  seven,  the  travellers  baited  to  pass  the  'night,  sheU 
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i  by  the  rocks,  aad  not  far  from  a  torrent  coming  froni  the    J 
-  -(Hocier  de  Bionnassay,  I 

■  The  night  was  beautiful,  and  at  half"  past  two  ir.  the  morning,  ] 
'llie  journey  was  resumed  by  mooiwlight,  and  at  22  minutes  afE^ 
ttve  d'clocK,  the  travellers  reached  the  base  of  the  Aiguilla  du 
fioute;  and  after  about  three  hours  of  very  difEcult  aeceat 
■among  loose  stones,  the  summit  of  the  Aiguille  was  attained  at 
60  minutes  alter  eight;  the  height  of  which  is  upwards  af 
it2,0(J0  feet.  After  taking  rest,  and  adopting  precautions  against 
the  cold,  and  the  rays  of  the  nun  reflected  by  the  snow,  th«y  wt 
offata  quarter  past  nine  towards  the  Dome  du  Gout^,  and  arrived 
at  the  summit  at  half  past  11.  , 

The  height  of  this  is  1330  [13,300]  feet,  and  Dr.  Hamel  could 
advance  but  few  steps  without  waiting  to  take  breath,  on  account 
of  the  rarity  of  the  air;  and  Bnding,  from  the  state  of  exhaustion  he 
was  in,  that  he  must  have  staid  at  least  half  an  hour  before  he 
^^uld  resume  his  journey  towards  the  summit  of  Mgnt  QWiVj 
.  ,Bnd  calculating  that  it  would  be  impossible  to  come  back  to  the 
Aiguille  du  Gout6  before  night,  he  resolved  to  return  by  the  route 
by  which  he  had  ascended,  without  attaining  his  object.  The 
^Mscent  is  represented  as  more  difficult  and  dangerous  even  than 
•tee  ascent,  but  it  was  safely  performed,  and  the  party  arrived  at 
'mttout  nine  at  night  at  an  inn  called  Pavilion  de  Bellevue,  st- 
^ate  on  the  Montagne  de  la  Chaletta  between  Mont  Lanha  and 
'M<ont  Prarion. 

'  Having  given  a  sketch  of  Dr.  Hamel's  account  of  his  firat 
'ittempt  to  ascend  Mont  Blanc,  I  shall  continue  nearly  in  his  own 
words  the  account  of  his  second  journey,  and  which  was  attended 
with  great  danger  to  the  whole  party,  and  proved  fatal  to  some 
•Ofthe  guides. 

♦-'  "  In  looking  over  M.de  Sausaure's  work,  I  found  that  he  had 
•  ■•ried  this  same  route  ;  but  the  dangers  which  he  encountered™ 
tibe  ridges  of  I'Aiguiile  du  Goiite  prevented  him  from  proceeding 
Jitrther :  he  did  not  even  arrive  at  its  summit. 
I  "  This  induced  me  to  believe  that  the  route  by  Chamouny,  by 
■irhich  he  afterwards  ascended,  must  be  at  least  as  convenienfr; 
*«Hd  1  wished  to  meet  with  an  opportunity  of  trying  it,  so  that  I 
'Uright  decide  which  of  the  two  routes  was  preferable. 

"  Soon  afterwards,    1  learned  that  some  persons  at  Genera 
^ra'e  also  desirous  of  ascending  Mont  Ulanc  :  one  of  them  was 
M.Setlrgue,  a  mineralogist  and  mechanical  artist.     He  infoFmea 
4i!ethalliehad  invented  a  barometfer  upon  an  entirely  new  prio-  , 
*iple,  which  he  wished  to  try  on  these  mountains. 

"  As  the  cla'm  of  Mont  Blanc  to  be  considered  the  highert 
mountain  of  Europe  has  been  lately  disputed,  and  as  no  trav^ 
fcrs  who  have  ascended  it  since  M,  de  Saussure  have  taken  the 
trouble  to  measure  it  again,  I  wished  to  determine  its  height,  • 
with  the  assistance  of  several  barometers.  Prof  de  Saussure 
^■S«d  the  goodness  to  lend  me  an  excellent  walking-stick  bany  • 
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ibeter;  m»A^  at  Turin.  The  reservoir  for  the  mercury  is  a  glass 
owlindery  and  the  level  is  regulated  by  a  screw  and  piston* 
Ji,  Selligue  constructed  a  syphon  barometer ;  and  in  case  thes^ 
tnro  barometers  should  be  deranged  in  a^tcending,  I  filled  witl|, 
mercury,  two  glass  tubes  18  or  20  inches  in  length,  and  bent  ak 
one  end  like  a  syphon.  The  mercury  having  been  boiled,  I 
cloaed  the  opening,  so  that  no  variation  in  the  volume  of  th^ 
jnercury  might  cause  air  to  enter  the  longer  leg  of  the  syphon. 
On  amving  at  any  height,  I  had  only  to  remove  the  cork,  an4 
aiiow  part  of  the  mercury  to  come  out,  and  then  to  measure  the 
Iwight  of  the  coluimn.  standing  in  the  tube.  .  I  had  thus  f  »ur 
iwroinetrical  instruments  to  measure  the  height  of  the  summit. 
.'^  In  my  first  ascent  I  was  surprised  at  the  action  which  thQ 
min's  rays  had  upon  the  skin ;  and  I  intended  to  make  some 
experiments  on  the  power  of  these  rays  concentrated  by  lenses. 
Col.  Beaufoy  had  previously  paid  some  attention  to  this  eubject^ 
sad  I  think,  as  he  does,  that  these  experiments  may  becoma 
iateresting  in  the  theory  of  light  and  heat. 

^'  I  purposed  also  to  make  observations  upon  myself  and  mj 
companions  as  to  the  effects  of  rarefied  air  upon  animal  organi- 
zatio'V;  and  after  what  I  had  already  observed  during  my  first 
tscent,  I  flattered  myself  that  I  should  obtain  results  whicl| 
vould  be  useful  in  physiology. 

"  I  procured  a  bottle  of  lime-water  to  determine  the  presence^ 
sad  by  approximation,  the  quantity  of  carbonic  acid  in  thesa 
devat^d  regionis,  and  to  discover  whether  air  which  had  beei^ 
itspired  contained  the  same  quantity  of  carbonic  acid  as  it  doea' 
ia  those  regions  in  which  at  each  inspiration  one-third  mora 
osygen  enters  in  the  same  volume  of  atmospheric  air.  I  intended 
ilsioi,  when  high  up,  to  bleed  some  animal,  in  order  to  observf^ 
by  the  colour  of  the  blood  whether  it  was  or  was  not  sufficiently 
wcarbonized. 

.  *'  I  filled  four  bottles  with  spirit  of  wine,  which,  wheju  poured 
vpon  a  ap  nge,  was  intended  to  be  used  for  combustion ;  ang 
I  ^posed  to  bring  back  some  of  the  air  of  the  summit  in  thesa 
Mtles  for  analysis. 

"  A  Papin's  digester,  of  very  simple  construction,  waa 
intended  to  prove  the  possibility  of  cooking  meat  at  great  heighta» 
The  monks  of  the  Grand  St.  Bernard  complain  mat  they  are 
■nable  to  dress  their  food  sufficiently.  The  reason  of  it  is,  that 
WRter  in  large  open  vessels,  being  less  compressed  by  the  atmo- 
q>here  at  great  heights  than  in  plains,  boils  at  a  lower  tempera^* 
^ire.  A  separate  apparatus  was  prepared  to  measure  the  exac|t 
temperature  at  which  water  boils  at  different  heights. 

"  A  small  table,  with  a  camera  lucida,  was  furnished  by 
IL  Selligue,  to  sketch  a  panorama  from  the  summit  of  Mont  Blanc. 

"  Prof.  Pictet  suppUed  me  with  the  instruments  requisite  to 
flkaerve  and  measure  the  temperature,  the  electricity^  and  the 
uusture  of  the  atibosphere,  &c.  See. 
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'  "  Mr.  Joseph  Domford,  and  Mr.  Gilbert  Henderaon,  tv 
English  gentlemen,  and  both  of  the  University  of  Oxford,  weL^ 
anxious  to  join  us  ;  the  former  of  them  had,  when  in  Englanj| 
formed  the  project  of  ascending  Mont  Blanc.  We  set  out  oi 
Aug.  16,  attnree  o'clock  in  the  afternoon  from  Geneva  for  Ch* 
mouny.  We  arrived  the  next  day  at  le  Prieure,  reaching  tht 
excellent  hotel  de  I'Union,  kept  b^  M.  Charlet,  at  two  o'clock.! 

"  We  applied  to  Joseph-Mane  Coutet  et  Mathieu,  son  o 
Pierre  Balmat,  whom  M.  Pictet  had  recommended  to  us  ■*" 
guides  who  were  equally  robust  and  trusty.  They  advised  US'! 
take  12  guides,  or  three  for  each  traveller.  We  relerred  til 
choice  to  them ;  and  our  obhging  hostesB  undertook  to  prepsi 
all  that  was  necessary  for  the  journey.  The  next  morung  at.l 
quarter  past  five  o'clock,  we  set  out  in  the  finest  possible  weathfll 
We  went  at  first  in  the  direction  of  the  Glacier  des  Bosso^ 
but  before  we  reached  it,  we  turned  to  the  left,  and  began  ti 
ascent  in  a  forest.  At  seven  o'clock,  we  had  got  above  ti 
forest,  and  reached  the  chalet,  inhabited  by  Pierre  France^ 
Favret,  formerly  one  of  Saussure's  guides,  who  had  ascended^ 
uid  his  son  was  with  us. 

"  Here  one  of  our  guides,  Julien  Devouassou,  son-in-law  __ 
D.  Paccard,  was  nearly  poisoned.  He  supposed  that  he  hn 
bought  some  syrup  of  vinegar  at  Chamouny ;  and  arriving  at  d 
stream,  he  tried  the  syrup  before  he  mixed  it  with  water:  "b^ 
swallowed  a  little  of  it.  It  was  concentrated  sulphuric  acM 
which  burned  his  stomach  and  mouth  in  a  terrible  manner,  ffi 
■ufFerings  were  great,  and  he  vomited  much.  Fortunately 
ftccident  happened  near  a  chalet,  where  I  found  some  w 
ashes,  and  these  I  made  him  swallow  mixed  with  water; 
alkali  neutralized  the  acid  instantaneously,  and  the  guide  ha" 
recovered,  continued  the  journey  with  us. 

"  From  the  chalet,  the  ascent  is  continued  zig-zag  in  the 
direction  of  the  Aiguille  du  Midi;  at  half-past  eight,  we  rested 
at  la  Pierre-point Qe,  where  the  mountain  projects  between  the 
Olacierdes  Bossons  and  the  Glacier  des  Pelerins,  but  near^j| 
the  former.  From  hence  tbe  summit  of  Mont  Slant 
tile  first  time  visible,  and  le  Prieur6  is  still  in  sight.  Fi 
thence  we  turned  a  little  to  the  right,  and  at  nine  o'clock 
crossed  the  torrent  called  I'eau  noir,  but  which,  instead  of  watef, 
Tvas  filled  with  enormous  blocks  of  granite,  rolled  down  fron 
above  :  the  Aiguille  de  la  Tour  is  on  the  left,  A  quarter  of  an 
"hour  afterwards,  we  passed  to  Nant  Blanc ;  and  at  a  quarta 
before  10  o'clock  we  halted  to  breakfast  round  a  great  stont 
between  the  Glacier  des  Bossons  and  Mount  Basselache.  TTie 
giiides  call  it  "  la  pierre  de  I'ecbelle,"  because  they  usually 
leave  tbe  ladder  there  which  is  used  to  cross  the  Glacier.  At 
TO  minutes  past  11  o'clock  we  recommenced  our  journey,  and  in 
five  minutes  we  reached  the  Glacier  des  Bossons,  which  umst 
-be  crossed  obliquely  in  the  dinction  of  the  Grand  Mulet.     At* 
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«-  

fcimdiied  paces  from  the  edge  of  the  GHacier  wonders  begin  which 
no  pen  can  describe.  At  every  moment  we  stopped  to  maka 
eadi  other  observe  some  striking  configuration  of  the  ice ;  we 
lieard  nothing  but  '  Look  to  the  right !  Look  to  the  left \* 
&)metiaies  it  was  a  bottomless  precipice ;  at  others  a  tower  of  ice 
more  than  100  feet  in  height.  The  ladder  was  soon  required. 
;How  were  we  to  cross  a  crevice  of  20  feet  wide,  apparently  bot» 
iomless,  longitudinally  divided  into  two  by  a  thin  wall  of  ice, 
4|carcely  a  foot  thick,  and  IQ  feet  lower  than  the  sides  of  xhfi 
breyice  which  it  divides  ?  Arrived  at  the  brink  the  ladder  » 
lowered  and  supported  upon  the  thin  wall  of  ice  in  the  middlje 
of  the  crevice.  One  of  the  guides  descends ;  the  first  traveller 
followSy  and  keeps  himself  upright  near  the  ladder  on  the  wall  of 
iGe,  one  foot  broad,  or  8up»iorted  by  his  stick,  he  stands  immov* 
sble,  and  endeavours  to  shun  the  sight  of  the  two  blue  gulj^s 
jready  to  swallow  him  on  the  least  loss  of  equilibrium.  T$e 
guide  then  rests  the  top  of  the  ladder  against  the  opposite  edse 
4)f  the  crevice,  and  the  traveller  having  mounted,  it,  it  is  agam 
returned  to  the  first  brink  in  order  to  let  the  second  travelleir 
jdescend,  and  so  on  with  the  remainder.  When  the  ladder  ia 
jome  inches  longer  than  the  crevice  is  wide,  it  is  placed  across 
it  like  a  bridge;  and  every  one  goes  over  on  his  hands  and 
knees.  Sometimes  there  are  crevices  which  are  covered  by 
J>ridges  of  snow  which  are  often  narrow.  Sometimes  those  who 
iWalk  last  find  these  bridges  penetrated  by  a  foot  which  has  pre* 
ceded  them,  and  it  is  men  necessary  to  turn  the  foot  a  httle 
aside. 

\    "  In  spite  of  all  the  difficulties  and  dangers,  we  crossed  the 

Glacier  without  the  least  accident.    At  a  qusurter  past  one  we 

were  above  the  junction  of  the  Glacier  des  Bossons  with  the 

^Glacier  de  Tacconay,  and  between  these  two  occu^  the  Mon- 

^tagne  de  la  C6te  ;  and  after  having  ascended  a  ridge  of  snow^ 

^inclined  at  an  angle  of  56"^,  at  precisely  three  o'clock,  we  set 

Toot  on  thie  base  of  the  Grand  Mulet  on  the  western  side.  These 

.rocks,  which  project  from  the  middle  of  the  ice,  are  not  more 

firm  than  those  of  the  Aiguille  du  Gout6 ;  and  we  ascended 

!them  so  slowly  that  it  was  half-past  four  when  we  arrived  at  the 

highest  part  of  the  Grand  Mulet.    A  black  cloud  which  formed 

in  the  west  decided  us  to  stay  here  for  the  night.    The  summit 

of  this  rock  having  the  form  of  the  letter  L ;  that  is  to  say,  of  a 

right  angle,  our  ladder  and  some  sticks  covered  with  cloth  were 

so  arranged  as  to  form  the  hypothenuse.   A  little  straw  scattered 

.upon  the   horizontal  part  of  the  rock  was  the  mattrass  upoa 

which  we  lay  down  side  by  side.    We  were  hardly  covered 

.when  it  began  to  rain ;  and  soon  after  the  thunder  was  heard 

majestically  around  us.    I  had  scarcely  attempted  to  put  the 

point  of  tne  electrometer  out  of  our  tent,  when  its  two  balls 

Degan  to  move  with  so  much  violence  that  I  was  alarmed.    The 

.whde  of  the  night  was  stormy.    The  next  morning  the  riua 
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(ct,  and  the  air  uiis  so  pure  that  we  saw  the  lake  of  Genen^ 

8ome  more  distant  objects,  very  distinctly. 

•Hi  Wp  hoped  that  lowards  noon  the  weather  would  clear  tipi 
^t  it  remained  uncertain,  and  ive  resolved  then  to  bivouftt 
Again  the  fcillowing  night  in  out  tent  4  la  Cossaqiie.  CoutetsMA 
t*o  of  our  men  to  Le  Prieur6  to  procure  a  supply  of^rovisiolU 
f6T  the  guides.  At  intervals,  1  occupied  myself  with  reboilirtfc 
the  mercury  of  one  of  mv  barometer  tubes,  which  had  beM 
Itljured  on  the  journey.  We  tried  the  temperature  of  boiliO^ 
trater,  and  found  it  to  be  162°  of  Fahrenheit,  1  made  arrange^ 
Ibents  to  let  oB'  some  fire-works  on  retuniing  from  the  summit^ 
Jbr  1  was  curious  to  try  whether  the  fire-works  woidd  rise  wellfIL 
ttirs  rare  air.  1  had  balls  and  shining  stars  prepared  wiA 
Jtsenic.  1  had  also  Bengal  fire  prepared  with  antimony;  atii^^ 
besides,  a  mixture  of  nitre,  sulphur,  and  orpiment,  in  order  tt 
try  to  illuminate  all  the  summit  of  Mont  Blanc,  and  the  spires  et 
ihe  surrounding  mountains. 

-  "  .i\t  five  o'clock  some  hail  fell,  and  until  midnight  the  weatb* 
Van  cloudy  ;  but  on  the  20th,  at  one  in  the  morning,  the  heaveiA 
appeJred  studded  with  stars,  although  the  valley  was  still  hiddtA  j 
Ify  fog.  Coutet  went  out  to  observe  the  weather,  and  informe*  . 
tisthntit  promised  well,  but  that  it  would  be  prudent  still  to  w4 
h  litlle  befure  we  decided  upon  ascending.  At  about  fii*s] 
ti'clock,  the  summit  was  lighted  by  the  sun ;  the  air  perfect- 
serene  and  calm.  Our  guides  informed  us  that  've  might  begib 
^ur  joiirney.  M.  Selligue,  who  had  been  for  sometime  unwiH, 
and  who  feared  the  return  of  the  rain  before  the  close  of  rJ^, 
tH-eferred  staying  at  the  Grand  Mulet.  Two  of  our  guides  who 
llad  never  ascended  Mont  Blanc,  and  whom  Coutet  wished  tb 
Remain  with  M.  Selligue,  refused  to  do  so.  The  weather  siA 
favourable,  and  everyone  was  desirous  of  ascending.  Attength 
'two  other  guides  consented  to  stay  behind.  Messrs.  DomfoiiAj 
,  Henderson,  and  1,  with  eight  guides,  set  out  from  the  Granfi, 
Mulet  at  '20  minutes  past  five  ;  the  thermometer  was  at  34*-flf 
'Pahrenheit,  Having  entered  upon  the  snows  which  were  fittfe 
"tather  deep,  we  went  immediately  towards  the  Aiguille  du  G(wb§, 
ifterwards  we  ascended  towards  the  summit,  and  almost  rf- 
ways  in  a  zig-zag  direction,  in  order  to  avoid  the  crevices  ftntl 
•Bteep  acclivities ;  and  at  a  quarter  before  seven,  the  summit 
>eBp,)eared  on  tliisside.  The  weather  was  beautiful ;  and,  reiV 
ftr  beneath  us,  we  saw  white  clouds,  like  a  calm  sea,  penetrMM 
"here  and  there  by  the  summits  of  the  highest  mountains,  thfe 
names  of  which  were  mentioned  by  Coutet,  les  Fours,  I'Aigoiffie 
de  Varens,  le  Buet,  le  Dent  du  Midi,  ie  Dent  de  Morcle,  fc6. 
At  about  seven  o'clock  these  cloud.}  began  to  disperse,  and  *e 
perceived  le  Prieurfi.  As  we  continued  to  ascend,  we  found  thfe 
Anow  harder,  and  not  so  deep.  No  snow  seemed  to  have  falleh 
in  these  higher  parts  for  some  time. 
^Jit  ^0  laiouteB  past  seven  we  reached  ihc  ftt^t  o^  fcxtft  i^rfU 
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fcrniB'of  mow,  friiich  oocur  in  the  space  between  the  D6nie-d# 
Gouti^^aiid  Mont  Manditi  the  eastern  shoulder  of  Mont  Blanoi  : 
After  kaiving  crossed  this  first  platform,  at  a  quarter  before  ei^iQ-^ 
we  ascended  an  acclivity  at  an  angle  of  i^5^  or  30^.  This  leacb 
1o  the  second,  which  we  began  to  cross  at  10  minutes  past 
ecfat,  having  then  on  our  right  hand  the  great  seracs*  of  icMf 
which  are  visible  even  at  Chamouny.  The  sky,  when  obsenrcd 
Btar  th«se  white  masses  of  ice,  appears  of  an  extremely  deep*  . . 
hbe  colour;  indeed  almost  black.  After  having  ascendsd 
Mother  steep  acclivity,  we  reached,  at  half-past  eight,  the  buM 
of  the  great  platforms,  bounded  on  the  right  by  the  nighest  pail.: 
•f  the  Dome,  on  the  left,  by  the  last  rocks  on  this  side,  and  oa 
Ae  south  side  by  a  steep  acclivity,  at  about  the  height  of  whieh^ 
tad  a  little  further,  appears  the  summit  of  Mont  Blanc.  Hen 
oar  guides  congratulated  us,  telling  us  that  all  difficulties  wert 
tstiudly  overcome;  there  were  no  more  crevices,  no  mot^ 
clangers.  Never,  said  they,  did  an  ascent  succeed  better ;  nd 
oae  ever  ascended  more  rapidly,  and  with  less  difficulty.  Ill 
fact,  the  snow  had  precisely  the  degree  of  hardness  wnich  ii  . 
desirable  for  walking  upon  with  ease :  the  feet  did  not  sink  too 
mnch,  -and  the  snow  was  not  too  hard.  We  had  neverthelaaa 
fiyr  tome  time  experienced  the  effects  of  the  rarity  of  the  air  t 
my  pulse  beat  128  in  a  minute,  and  I  was  continually  thiralyj 
Our  guides  advised  us  to  breakfast  here,  for,  said  they,  higlm 
ip  you  will  have  no  appetite.  A  cloth  was  spread  upon  thrf 
inow  at  the  entrance  of  the  great  platform,  which  served  both  . 
for  chairs  and  table.  Every  one  eat  his  half  chicken  with  appe* 
tite.  1  arranged  several  things  for  the  observations  and  expend 
nents  which  1  proposed  to  make  on  the  summit.  I  wrote  twtt 
totes  to  announce  our  arrival  at  the  summit,  leaving  a  blank 
merely  to  insert  the  hour.  I  intended  to  iasten  them  to  a  pigeom 
which  I  had  with  me,  and  which  I  intended  to  libecate  on  th« 
smmit,  in  order  to  observe  how  he  would  fly  in  this  rare  atmo* 

S[ihere ;  .and  afterwards  to  know  if  he  would  find  his  way  til 
ailenchc,  where  tlie  female  was.  We  kept  a  bottle  of  cm 
best  wine  in  order  to  drink  to  the  memory  of  de  Saussure  on  iho 
Summit. 

'**  At  precisely  nine  o'clock,  we  set  off  to  ascend  the  summit^ 
which  we  saw  before  us.  "Would  you  accept  a  thousand 
.pounds  to  descend  instead  of  ascending ? "  said  one  of  ray 
eempanions  to  his  fellow  countrymen.  "  I  would  not  return 
for  any  money,"  was  the  reply.  We  were  all  full  of  hope  and 
joy  at  seeing  ourselves  so  near  the  end  of  our  journey..  V! The 
beautiful  weather,  the  calm  which  reigned  around  us,  the  celes« 
tial  air  which  we  had  breathed  durin^:  our  repast,  made  impress 
MHib  upon  our  minds  which  are  not  experienced  in  low^r  regions^ 

*  Straet  art  thoie  pnaUdopipedt,  cubes,  and  other  rather  regular  {qtrma  oC  \tfc«4^ 
~^  ~vliidi  are  ibitjui  st  great  hd^ta.    The  name-  is  detWed  from  «l  ^DiidL  oi  ^fJVte 
maitiatbrmBkmiiiui,  aa<  tp  irteh  iimihg  faBaas  wt  ywBu 
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^flVVM'  myself  already  on  the  suramJt.     I  took  «  specimen  of  tha 

*-*-  ^ghest  rock  in  Europe  to  place  it  in  the  Imperii  Mineralogical 

(iftbinet  at  St.  Petersburgh.     [  intended  some  for  the  museum 

at  Geneva,  and  other  collections. 

"  We  crossed  the  great  platform  of  snow,  at  the  entrance  of 
vrhich  we  had  breakfasted.  While  crossing,  1  had  occasion  to 
tMnain  for  some  time  rather  behind,  and  it  was  near  the  angle 
•D  the  right  that  I  rejoined  the  company.  We  ascended  about 
Inlf  the  height  of  the  great  acclivity  of  snow,  which,  extending 
tte  whole  length  of  the  platform,  rises  towards  the  summit  m 
Mont  Blanc.  As,  however,  between  this  acclivity  and  the 
■ummit  there  are  ridges  of  ice  which  are  almost  vertical,  it  is 
necessary  lo  cross  the  acclivity  horizontally,  by  keeping  to  the 
left,  in  order  to  reach  the  last  great  rocks  at  the  height  of 
14,700  feet  from  which  Italy  is  visible.  From  these  rocks,  by 
laming  to  the  right,  the  summit  is  ascended,  at  the  height  (M 
960  feet.  We  walked  one  after  the  other,  for  it  is  preferable  to 
tread  in  the  footsteps  of  the  first  guide,  who,  on  account  of  the 
btigue  which  he  suffers,  is  changed  from  time  to  time. 

"  We  advanced  thus  in  a  nearly  horizontal  line,  crossing  thft 
Bftclivity  about  half  way  up ;  that  is  to  say,  at  almost  equal  dis- 
tances between  the  ridges  on  our  right,  and  the  platform  of  snow 
upon  our  left.  No  one  spoke,  for  at  this  height  even  talking  ia 
fatiguing,  and  the  air  conveys  sound  but  faintly.  I  was  still  the 
%tst,  and  after  taking  a  dozen  steps,  supported  by  my  stick,  i 
stopped  to  make  16  inspiratiuDs.  I  found  that  in  this  manner  1 
could  advance  without  exhaustion.  Prepared  with  green  spec*'' 
taclea,  and  with  crape  before  the  face,  my  eyes  were  fixed  upon 
my  steps,  which  I  counted.  Suddenly  I  felt  the  snow  give  way 
under  my  feet.  Thinking  that  1  merely  slipped,  I  thrust  mf 
atick  to  the  left,  but  in  vain.  The  snow,  which  accumulated  on 
my  right,  overturned  and  covered  me ;  and  I  felt  myself  forced 
downwards  with  irresistible  power.  I  thought  at  first  that  I  wa4 
the  only  one  who  suffered  this  accident,  but  feeling  the  snow 
accumulate  upon  me  so  as  almost  to  prevent  my  breathing,  f 
imagined  that  a  great  avalanche  was  descending  from  Mont 
Blanc,  and  forcing  the  snow  before  it.  Every  moment  i 
expected  to  be  crushed  by  this  mass  :  while  descending  I  turned  i 
Over  repeatedly,  and  1  strove  with  my  strength  to  divide  the  Bnoir>' 
with  my  arms,  in  which  I  was  buried  and  struggling.  1  succeeded 
at  last  m  getting  my  head  out,  and  I  saw  that  a  great  part  of, 
the  acclivity  was  moving ;  but  as  1  found  mysflif  near  the  edgk' 
*f  this  slippery  part,  I  made  every  effort  to  get  upon  the  hard 
*now,  where  1  might  at  last  hnd  footing.  Jt  was  not  until  th^ 
that  1  knew  the  extent  of  the  danger ;  for  I  saw  myself  near  a 
crevice  which  terminated  the  acclivity,  and  separated  it  from, 
the  platform.  At  the  same  moment  I  saw  Mr.  Uend&rson'a 
4iead  still  nearer  this  abyss.  I  discovered  still  further  Mr.  Dom- 
,       Jo/xf  and  tlirte  guides,  but  the  five  otbftta  iid  mil  ^^ca.c,  ^^, 
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kdped  still  to  see  them  come  out  of  the  snow  which  had  stopped^ 
but  Mathieu  Balmat  cried  out  that  there  were  still  persons  lirthir 
crevice.  I  will  not  attempt  to  paint  what  then  passed  innbj^ 
Blind.  I  saw  Mr.  Domford  throw  himself  upon  the  snow  ia 
despair,  and  Mr.  Henderson  was  in  a  condition  which  made  me 
fear  for  the  consecjuences.  But  our  consolation  may  be  judged 
ipf  when,  some  minutes  afterwards,  we  saw  one  of  the  guides 
pome  out  of  the  crevice ;  our  hurras  redoubled  at  the  appeiw*> 
imce  of  the  second ;  and  we  yet  hoped  that  the  three  otheirt 
wouM  also  reappear,  but,  alas  !  they  were  seen  no  more.  ^'n 

.  The  guides,  fearing  a  second  slipping  of  the  snow,  directed 
«s  to  remove  to  a  distance,  but  that  was  impossible.  Mr.  Dor»> 
ford  declared  that  he  was  ready  to  sacrifice  his  life  to  go  and 
search  for  the  unfortunate  guides  :  I  offered  him  my  hand,  anil 
partly  sunk  in  the  snow,  stdl  moveable,  we  advanced  in  spite 
of  the  guides,  towards  tiie  crevice  of  unknown  depth  filled 
with  snow,  and  to  the  place  in  which  they  must  have  fallen. 
There  we  descended  into  this  gulph,  and  I  sounded  the  snow 
every  where  with  a  stick  without  feeling  any  resistance.  Supr 
posing  it  possible  that  the  men  might  have  fallen  into  some 
cavity,  or  upon  some  projection  in  the  crevice ;  and  as  the  nktf 
ma  account  of  its  rarity,  does  not  convey  sound  well,  I  thrust  the 
longest  stick  quite  to  the  end  in  the  snow;  and  lying  down  upoa 
it,  1  applied  my  teeth  to  the  stick,  and  calling  the  men,  by  their, 
names,  1  listened  with  great  attention  to  hear  any  noise;  buit. 
all  was  in  vain.  The  guides  came  upon  us,  and  forced  us,  so  to 
express  it,  to  come  out  of  the  crevice.  They  declared  our  search 
useless ;  they  even  refused  the  money  that  we  offered  them  if  thejr 
.would  wait ;  they  laid  hold  of  MM.  Domford  and  Henderson-^ 
and  while  I  was  still  sounding  the  snow  (which  had  passed  the 
jcrevice  for  a  great  space),  they  proceeded  immediately  with  them 
to  some  distance;  so  that  1  was  under  the  necessity  of  descendr 
ing  with  only  Coutet,  who  had  not  even  a  stick ;  but  absorbed 
in  the  horror  of  the  event,  I  was  become  insensible  to  dang^f^ 
and  I  crossed  all  the  crevices  without  thinking  of  them.  ,1  did 
not  rejoin  my  two  companions  till  I  arrived  at  the  Grand  Mule% 
lirom  whence  we  set  off  for  the  Glacier  des  Bossons,*"  and  At 
ludf-past  eight  in  the  evening,  we  returned  to  the  Hotel  de 
rUmon  at  Chamouny,  without  experiencing  any  great  degree 
of  fatigue.  I  was  the  more  astonished  at  this,  because,  for  9Ki 
hour  alter  the  accident,  I  made  great  efforts  in  an  elevated  situa* 
tion  where  the  least  exertion  exhausts  the  stren^h. 

'^  I  shall  here  add  a  few  words  explanatory  of  our  unfortunate 
accident.  It  appeared  that  the  upper  stratum  of  the  snow  onthe 
accUvity  lay  upon  another  stratum,  which  wc^  very'shppery  4Em 

,  f  In  enmng  the.Glader  des  Bossons,  we  found  a  yoang  chamois  uiptm  an  isle  4f 
ioa^  toRounded  with  soonnous  crevices,  it  had  probably  died  from  inanitijOiiu  Onti  ^ 
Ui|^  jHTocf,  under  the  ghade  of  whdch  we  had  rcfOBAd  lA  oax  laceDtt  \aA.  tsS^XkVbL 

iaimE^sadhMdearendtbe(^^onwhSaiiynliiA^^  * 
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tbe  sorFace  ;  and  as  our  track  cut  the  tirst  stratum  across,  tlw 
part  which  was  above  us  began  to  slip  upon  the  other,  forming 
what  13  called  in  the  I'Oberland  de  Berne,  suoggi.sc/tuee,  or 
rvtschlaviue.  In  that  part  where  the  first  of  our  file  walked,  tha 
kcclivity  was  much  steeper  than  near  nie  where  I  had  measured  It 
a  httle  before  the  accident ;  there  it  inclined  at  an  angle  of  28^ 
Further  on,  the  mass  of  snow  was  al»o  thicker,  especially  high 
jjp ;  for  the  wind  usually  drifts  there  tlie  loose  snow  blown  froiB 
the  summit.  For  these  reasons,  the  slipping  necessarily  began 
at  this  place,  and  the  snow  descended  directly  towards  tbe 
crevice;  while  about  me  it  took  an  oblique  direction  fonv a rd. 
It  was  on  this  account  that  the  three  first  of  the  lile*  fell  M 
deep  into  the  crevice,  and  were  covered  with  snow,  so  that  wi 
were  unable  to  discover  them,  while  the  fifth  and  sixth,+  wtw 
had  also  fallen  in,  were  able  to  disengage  themselves.  CouUt 
came  up  with  his  face  of  a  blue  appearance,  and  with  Hymptomt 
of  suffocation.  Mathieu  Balmat,  who  was  a  very  strong  max, 
and  one  of  our  principal  guides,  walked  fourth,  was  tlie  only  on*  J 
who  could  withstand  the  slipping  of  the  snow.  Thrown  down  and 
afterwards  cariied  to  some  distance,  he  had  the  presence  of  min4  i 
to  thrust  his  large  stick  down,  ]ike  an  anchor,  into  the  hardened 
IDOW.  The  two  other  guides  J  were,  like  us  three  travellers,  buried 
inthesnow,  and  forced  towards  thecre  vice,  without,  however,  fafli 
ing  into  it.  The  guides  reckoned  the  surface  of  the  snow  whicll 
moved  to  he  nearly  1 00  fathoms  broad,  and  250  high  in  an  obliqtM 
direction.  From  the  firmness  of  thesnow  which  had  slipped, it 
Was  evident  that  it  had  not  lately  fallen.  The  guides  most  accuB* 
tomed  to  the  snow  did  not  suspect  any  danger.  At  the  momeitt 
the  accident  occurred,  the  brother  of  one  of  our  principal  guidet 
walked  first,  and  the  second  was  a  man  who  had  been  thia 
.journey  12  times,  in  coming  from  the  side  of  St.  Gervais,  pass^ 
me  by  the  Aiguilles  and  theUonie  du  Goutc,  it  is  nectssary  t*  ) 
take  the  route  to  Chamouny,  in  order  to  reach  the  acclivity, 
which  deceived  us  when  we  imagined  all  dangers  were  past, 

"  Whether  we  ascend  one  side  or  the  other,  even  after  having 
escaped  as  1  did,  the  formidable  rocks  of  the  Aiguilles  duGout^ 
and  passed  the  gulphs  of  the  Glacier  des  Bossons,  we  incur  ttM 
danger  near  the  summit  of  being  swallowed  up  by  the  yieldin^^ 
of  the  snow  which  at  first  appears  to  be  firm,  but  suddenly  givet  ^ 
way— a  species  of  danger  against  which  it  is  difficult  to  find  U 
preservative." 

•  They  were  Pierre  Balnial,  brother  of  MBlhieu,  and  elJeit  son  of  P.  B»Iin»t,  on» 
of  the  ancient  guides  of  M.  de  S«us»uie ;  Pierre  Canier,  a  smith  by  trade,  wlio  hid 
been  1 1  tunes  upon  McmtBteiic  ;  and  Augucte  Tcnaz.  This  last  and  P.  Baimat  bat 
never  been  on  Motit  }llanc,  and  were  the  two  guidea  who  refused  to  reiuaio  it  dlf 
Grand  Mulet.  These  three  carried  the  ptovisions,  the  instniments,  the  pigeon,  and  B 
Jive  fowl.     No  one  of  them  was  mariied. 

t  Joieph  Maiie  Coutct,  one  of  our  principal  {^idea  (his  father  was  also  with  M.  if 

SauaniiB),  and  Julien  Devvauason,  who  eNraped  being  poiuned  bj  tnl  of  (itrioL  ~ 

/  l^rid  Coutet,  die  biother  of  jMcph  Marie,  <ni  {rindfal  guide,  and  Dntf 
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Article  VI • 

Description  ofamv)  Clinometer.    By  S.  P.  Pratt. 

(With  a  Plate.) 
j(ro  tl|!p  Editor  of  the  Annals  of  Philosophy.) 

SIR,  Tottenham^  Die.  1B90. 

I  SK^'I)  you  a  dj^wing  (PI.  II.)  of  a  simple  instrument  which 
I  fatve  baij  some  time  in  use  for  determinm^  the  dip  of  stratar; 
k  eonsiste  ^f  a  brass  Vuler,  of  1 2  inches  by  4  of  an  inch  in  breackll| 
doniig;  upon  an  hinge,  and  covering,  when  closed,  an  aiw. 
ilitimTrOra  the  centre ;pf  the  hinge,  and  divided  into  90degreei 
onihe'san^e  sfde^  near,  one  extremitjr  of  the  ruler  a  small  spirit 
level  is  insertajd  truly  horizontal,  with  its  edge — the  appiica-^ 
tioA  is  obvious*  The.  ruler  being:  closed,  with  the  level  upper- 
most,  IS  placed  parallel  to^  or  upon  any  projecting  edge  of,  the 
strata  to  be  examined,  and  then  gradually  opened  until  the 
level  becomes  hoHzontal ;  Jbbe  bisection  of  the  arch  near  the 
liinge  of  the  ruler  will  give,  the  angle  formed  by  its  two  legs,  and 
consequently  the  incUnatioh  of  the  strata  with  the  horizon. 

I  am.  Sir,  yours,  S.  P.  Pratt. 

Not«.-— The  simplicity  of  this  instrument  appears  strong^  la 
recommend  it.  It  is  made  aa^  kept  for  sale  by  Mr.  Bali^ 
Poultry.  Ed. 

Akticli!)  VII. 

On  Red  Snow.    By  Dr.  Henderson. 

(To-  the  Editor  of  the  Annals  of  Philosophy.) 

HEAR  SIR,  furxm^reety  Dsc.  0,  IS^Q* 

In  thd  several  accounts  which  were -given  of  the  red  snam 

found  in  Baffin's  Bay,   I   do  not  recollect  that  any  one  has 

adverted  to  the  fact  of  this.plHin<Mnenon  being  famiUar  to  the 

ancients.     While  I  was  lately  turning  over  the  .pages  of  the 

indefatigable  Pliny,  for  a  very  diffetent  object,  I  stumbled  upon 

€  passage  (lib.  xi.  c.  35)  whefe  he  i^entions  that  snow  turns  red 

by  age—"  ipsa  nix  vetustate  rubtsditi^'    Nor  is  the  cause  thus 

imgned  for  the  colour  by  any  miei&ns  inconsistent  with  the  best 

analyses  of  the  red  snow  as  brought  to  this  country  in  a  liquid 

totrn;  for  it  is  evident  that  if  this  variation  of  the  colour  of  the 

totiw  on  particular  spots  be  the  result  of  the  formation  of  a  lichen 

^  bysBus  on  its  stiiface,  it^n  only  be  on  the  old  snow  A«t 

Mfeh  yi^getAtiott  ^tH  ticbur.    I  remain,  dear'  Sir, 

Tour  nioat  obedient  servant, 


»-■•. 
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Article  VUI. 

A  new  Method^  drawing  a  Tangent  to  the  Circle. 
fMi.  William  Ritchie,  AM.  of  the  Academy,  Perti 

{To  the  Editor  of  the  Annah  of  Phihsopht/.) 


'MBfl 


SIR, 

I  HAVE  taken  the  liberty  of  sending  you  a  new  method  of 
drawing  a  tangent  to  the  circle  which  appears  to  me  simpler 
than  any  of  those  already  known,  and  which  1  hope  will  find  a 
place  in  your  Annals  of  Philo.%ophy.  For  the  advantage  of  tha 
young  geometer,  I  have  accompanied  it  with  the  analysis,  or  tin 
mode,  by  which  it  was  discovered.     I  am,  Sir, 

Your  obedient  servant, 

William  RiTcnie. 


Analifiii. 

Let  B  F  D  be  the  given  circle,  C 
its  centre,  and  Athe  point,  from  which 
the  tangent  is  to  be  drawn ;  and  let 
A  F  be  the  tangentrequired.  JoinCF, 
^nd  produce  it  till  F  E  be  equal  to 
F  C,  join  A  E. 

Now  since  the  angle  A  FE  is  equal 
to  A  FC,  each  of  them  being  a  right 
angle,  and  since  F  E  is  equal  to  FC, 
and  A  F  common  lo  the  two  tri- 
angles AFC  and  A  F  E,  these  tri- 
angles are  equal,  and  consequently  A  E  is  equal  to  A  C,  which 
is  given.  Again  C  E  is  given,  being  equal  to  the  diameter  of 
the  circle  ;  therefore  the  point  E  is  given,  the  line  C  E  and  P 
its  intersection  with  the  circumference,  which  is  the  point 
■required. 

Compoiition. 

From  A  with  the  ratliua  A  C  describe  an  arc,  and  from  C  with 
a  radius  equal  to  the  diameter  of  the  circle  describe  another, 
intersecting  the  former  in  E  ;  join  C  E  and  F  its  intersection 
with  the  circumference  of  the  cn-cle  will  be  the  point  of  contact 
jrequired. 

For  C  E  being  equal  to  the  diameter  of  the  circle,  and  C  P 
■the  radius,  F  Els  equal  to  F  C,  A  C  is  equal  to  A  E,  and  A  F 
^common  to  the  two  triangles  AFC  and  AT  E ;  therefore,  the8^ 
triangles  are  equal  to  each  other,  and  consequently  the  angle 
A  F  E  is  equal  to  the  angle  A  F  C  i  that  is,  A  F  C  ia  a  right 
Kfmgle.     Hence  A  F  is  a  tangent  to  the  circle. 


1831.3  Dry  Rot.-'Fail  of  Rain  4» 

Article  IX. 

Oh  the  Dry  Rot.    By  Mr.  W.  M.  Dinsdale. 
(To  the  Editor  of  the  Annak  of  Pkilosopky.y 

SIR,  Nov.  S5, 16S0U 

Permit  me  to  ask  some  of  your  more  scientific  corre^polldU 
enfSy  ^'  In  what  Ught  they  vi6w  the  following  analogous  circuniir 
ftaaces  connected  with  the  subject  of  diy  rot  in  timber,  aa4 
nAether  they  do  not  in  some  measure  consider  them  to  throw,  |^ 
ray  of  elucidation  on  that  important  head  ?  " 
;  1.  In  recent  vegetable  juices,  I  think,  we  have  grounds,  fdr 
believing  in  the  existence  of  acetous  acid  as  well  as  its  conik|i- 
tuents. 

2.  Casks  used  for  manufacturing  vinegar  soon  decay  if  thm 
are  not  thoroughly  cleansed  from  me  mother  or  sediment  formm 
in  the  operation. 

3.  BaJced  wood  is  less  subject  to  diy  rot  than  that  which  if 
vklbaked. 

4.  Tar,  both  of  the  Stockholm  kind,  and  that  which  had  beeii 
made  at  the  gunpowder  charcoal  works,  has  been  found  to  rdt 
the  palings  at  Woolwich,  &c.  in  a  space  of  time  seldom  exceed* 
ing  three  years,  and  freauently  considerably  less,  which  rot  was 
decidedly  attended  by  all  the  appearances  of  diy  rot;  while  it  if 
equally  certain  the  rot  alluded  to  has  never  followed  the  use  of 
either  kind,  when  freed  from  its  pyroacetous  acid.     I  am,  Sir, 

Your  obUged  and  obedient  servant, 

W.  M.  DiNSDALE. 

*^  We  are  in  some  doubt  as  to  the  absolute  correctness 
of  our  correspondent's  views,  but  as  the  subject  of  the  dry 
rot  is  one  of  great  importance,  we  shall  be  happy  to  insert  any 
bints  which  may  tend  to  elucidate  its  causes,  or  remedy  its 
effects.— Ei>.  ^  * 


Article  X. 

On  the  Fall  of  Rain.  - 

(To  theJEditor  of  the  Annals  6f  Philosophy.) 

'  '  .«..  -■  .....  .1.;.! 

SIR»  Dei;.  Q^Jfrn- 

The  letter  inserted  in  the  last  volume  of  your  Annals  of  Phi* 
losophyyp.  421,  recalled  my  attention  to  M.  Flauguerges's  paper, 
ted  more  particularly  to  the  remarks  which  he  makes  {Annals, 
Tol.xiv.  p;.U3,  114^)  oii  the  relative  quantities,  of  rain  which -are 


Dr.  Boslock  on  Whale  Oil.  (J*^. 

received  by  gauges  at  different  heights  from  the  surrace  of  thtt 
earth.  I  do  not  mean  to  enter  into  the  controversy  with  respect' 
to  the  direction  of  thfi  di'ops  :  this  i  shall  leave  to  Mr.  Meikle^ 
and  liis  antagoniatB,  but  there  is  another  part  of  the  questioa 
which  seems  to  have  been  overlooked,  and  to  which,  therefore! 
I  could  wish  to  call  the  attention  of  your  readers. 

I  am  persuaded  by  private  observations,  as  well  as  by  those 
n^ich  Jiave  been  made  public,  that  the  fact  is  csrtaiuly  true  of  _ 
more  rain  falling  near  the  earth's  surface  than  at  some  height 
above  it.  This  seems  to  be  a  paradox,  and  many  have,  tberat 
ftire,  endeavoured  to  explain  it  away,  but  still  it  seems  to  mstt 
be  a  necessary  consequence  of  the  very  constitution  of  the  atmt^ 
sphere.  Clouds  collect  before  rain  falls,  but  this  is  not  in  con* 
aequeuce  of  their  being  the  only  source  of  moisture,  but  oftha 
upper  strata  of  the  air  being  first  alfected  by  those  causei' 
which  produce  the  rain.  The  quantity  of  rain  is  made  up  oM 
general  discharge  of  water  from  the  air  between  the  earth  and' 
me  region  of  the  clouds.  Hence  the  effects  must  accumulate 
as  we  approach  to  the  earth,  and  the  results  which  have  beeii 
observed  must  not  be  wholly  attributed  to  the  wind,  or  to  any 
accidental  circumstances  which  may  affect  the  InstrumenM 
which  are  used  for  the  admeasurement.  N. 


Article  XI. 

Some  Observations  on  Whale  Oil.     By  J.  Bostock,  MD, 

LS.  and   HS.  Mill.   Mem.  of  the  Med.,  Geol.,  and  Astron, 
Soc.  &c.  Stc. 

Great  Coram-treet,  Dee.  ?l,  ISSO.  '  , 
The  object  of  this  communication  is  to  give  an  account  <]$%< 
some  experiments  in  which  I  was  concerned  that  were  made  iiii 
order  to  ascertain  the  changes  that  are  produced  in  oil  by  expos  4 
ing  it  for  a  length  of  time  to  an  elevated  temperature.*  With.-j 
out  going  into  a  minute  detail  of  the  individual  experiments,  I 
shall  state  some  of  the  most  important  of  the  results,  and  shall, 
afterwards  offer  a  few  observations  upon  the  nature  of  the  pr'>^ 
cess  and  upon  the  mode  by  which  the  change  is  effected  Thet* 
quantity  of  oil  operated  upon  was  generally  from  25  to  30  gal-  * 
Ions ;  the  fluid  was  contained  in  a  boiler  three  feet  long,  one  foot  ' 
six  inches  wide,  one  foot  three  inches  deep ;  fire-place  14  inches 
long,  three  inches  wide;  the  bars  three  inches  from  the  buttom 

*  The  experimenu  vire  performed  at  the  manufactory  of  tlcura.  Tajilon  en^ 
Uaitiaeau,  in  ihc  picaence  of  several  scientific  gcndenien  :  among  olben,  of  Ali.  QuL-    i 
dno,  Mi.  Aildn,  Mr.  DaoieU,  Mr.  Richard  Phillips,  and  Mt.  Paradaj.  ' 
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^  die- boiler.  The  oil  occupie'd  about  two-thirds  (^the  vessel ; 
jt  bad  a  concave  bottom,  and  wa«  closed  air-tight,  except  that  a 
fttbt  of  half  an  inch  diameter  was  inserted  into  its  upper  part. 
Hie  temperature  employed  was  36(Py  and  the  oil  was  carefoUy 
kept  at  tnat  degree  of  heat  during  12  hours  each  day.  In  the 
different  trials  the  process  was  continued  for  22, 23,  2)5,  38,  avd 
S6  days  respectively,  until,  in  one  instance,  it  was  extended  to 
68  d&ya.  The  substance  employed  was  the  whale  oil  of  com* 
nerce^  in  the  state  of  purity  in  which  the  article  is  usually  •ex)d^ 
Uted  for  sale. 

.  When  the  oil  was  examined,  after  having  been  kept  at  the  above 
tsmperature  for  the  periods  above  stated,  its  physical  propertiei 
were  considerably  altered,  its  colour  was  nearly  black,  its  coQi- 
•stence  thick  and  tenacious,  /  and  its  odour  empyreuinatfe. 
When  heat  was  applied  to  it  in  this  state,  after  it  had  been 
cooled  down  to  the  temperature  of  the  atmosphere,  the  firiit 
effect  was  tO' render  it  more  fluid  ;  and  at  higher  degrees  ^f  beat 
its  consistence  seemed  to  be  considerably  less  than  that  of  reoeOt 
ail.  While  the  oil  was  in  the  boiler,  and  at  the  temperature  of 
360^,  an  internal  motion  took  place  among  its  parts,  that  seemed 
to  arise  from  some  portion  of  it  being  converted  to  the  aeriform 
state,  and  suddenly  condensed :  this  was  indicated  by  a  peculiar 
sound  emitted  from  the  vessel  analogous  to  the  sinmiering  of 
water  before  it  is  raised  to  the  proper  boiling  point.  It  was 
observed  that  the  simmering,  if  we  may  so  term  it,  diminished 
SB  the  oil  exceeded  the  temperature  of  400^  ;  and  after  it  had 
acQuired  the  heat  of  about  450^  was  no  longer  heard. 

But  the  most  material  alteration  in  the  oil  was  the  property 
wbich  it  had  acquired  of  emitting  vapour  when  it  was  subjected 
to  temperatures  which  would  have  had  no  effect  of  this  kind 
«pon  recent  oil.  Both  the  quantity  of  tj\e  vapour,  its  chemical 
•eomposition,  the  mode  of  its  generation,  and  the  degree  of  the 
diermonieter  at  which  it  first  appeared,  were  very  different  in 
the  different  experinients  ;  and  there  does  not  appear  to  be  suffi- 
Aent  data  for  forming  a  correct  opinion  upon  any  one  of  these 
points.  One  of  the  circumstances  which  seemed  the  most 
lawourable  for  its  production  was  the  rapidity  with  which  the 
fluid  passed  through  a  certain  range  of  temperature.  Oil,  for 
example,  which  was  steadily  kept  at  360^,  althoug^h  it  had 
acquired  the  dark  colour,  seemed  to  produce  little  aenform  fluid 
of  any  kind,  with  perhaps  the  exception  of  a  portion  of  carbonic 
acid ;  and  there  is  some  reason  to  suppose  that  it  might  bear 
even  a  higher  temperature,  provided  the  heat  be  cautiouslv 
applied.  But  if,  on  the  contrary,  the  heat  be  more  rapidly  raised, 
ft  copious  discharge  of  an  aeriform  fluid  takes  place,  which 
asBHntially  consists  of  inflammable  and  aqueous  vapour  mixed  in 
vmriable  proportions.  The  total  amount  of  vapour  emitted,  the 
proportion  of  the  aqueous  to  the  inflammable  part,  and  the  che- 
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irncal  nature  of  this  latter,  have  not  been  correctly  ascertained, 
nor  is  it  known  whether  any  thing  is  procured  which  is  entitled' 
to  the  technical  appellation  of  gas.  It  may,  however,  be  stated 
generally,  that  tlie  quantity  of  vapour  is  large,  that  the  propor* 
tion  of  the  ingredients  vary  in  different  parts  of  the  same  experi- 
ment, and  that  the  aqueous  is  more  condensable  than  th«' 
inflammable  part.  This  appeared  by  bringing  a  cold  body  ia 
contact  with  the  vapour,  and  the  condensation  frequently  wu 
observed  to  take  place  merely  by  the  ordinary  temperature  ot 
the  atmosphere:  in  this  case  the  inflammable  part  was  left  ink 
highly  combustible  state.  The  difficulty  with  which  this  inflam- 
mable vapour  is  condensed  was  strikingly  illustrated  by  one 
experiment,  in  which  the  od  vapour  was  passed  through  a  worn 
tube  of  23  feet  in  length  :  by  this  means  the  aqueous  part  wag 
entirely  removed,  and  the  residue  burned  with  a  continuou 
bright  flame  The  water  coUected  in  this  case  was  strongly 
acidulous,  in  consequence,  as  it  appeared,  of  the  copious  gene- 
ration of  acetic  acid.  i 

In  most  of  the  experiments  the  emission  of  iuflammaUft 
vapour  was  scarcely  perceptible  below  a  temperature  of  400°; 
but  in  one  instance,  where  the  oil,  after  having  been  in  the 
boiler  for  55  days,  was  sufl'ered  to  cool  to  the  temperature  of  th« 
atmosphere,  and  then  heated  by  a  brisk  Are,  a  quantity  of  vaponr 
was  generated  below  2t(J°  (the  degree  at  which  the  graduatios 
of  the  thermometer  commenced),  which,  by  the  application  of 
a  hghted  taper,  exploded  with  some  violence.  Speaking  from 
general  observation  it  would  seem  that  when  the  temperature  of. 
the  oil  is  raised  to  about  420"  or  430°,  the  proportion  of  tha 
inflammable  to  the  aqueous  vapour  is  more  considerable.  If  the 
temperature  be  further  raised  to  about  48U°,  the  proportion  ot 
ihe  aqueous  vapour  is  increased ;  while  at  a  still  higher  temperar 
4ure,  above  50U°,  the  inflammable  vapour  again  predominates. 
With  respect  to  the  phenomenii  which  the  mixed  vapour  exhibiti 
during  combustion,  it  may  be  remarked  that  its  inflammation  ii 
not  attended  with  detonation  ;  when  the  aqueous  part  prevail^ 
the  flame  is  quickly  extinguished ;  but  that  in  proportion  as  it  it 
freed  from  the  aqueous  vapour,  it  burns  with  a  considerably  deuM^ 
and  brilliant  flame. 

Another  effect  which  appeared  to  result  from  the  long  contlp- 
nued  application  of  heat  was,  that  the  oil  had  its  boiUng  poiob 
lowered,  or,  to  speak  more  correctly,  that  below  the  temperattm ; 
which  is  generally  regarded  as  the  boihng  point  of  recent  oi]^ 
the  heated  oil  was  rapidly  converted  into  an  inflammable 
■vapour,  but  of  a  different  kind  from  that  procured  at  lower  tentr 
peratures;  the  vapour  procured  from  the  boiling  od  containing , 
less  water,  and  having  a  highly  offensive  and  most  penetrating 
odour ;  whereas  the  former  vapour  had  comparatively  litU* ' 
^niell,  and  that   not  peculiarly  disagreeable.     The  change  to 
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thich  I  now  refer,  generaUy  took  place  at  about  580^:*  it 
appeared  to  consist  in  the  vaporization  of  the  residual  fluid  in 
the  hoiler ;  but  it  was  not  strictly  entided  to  the  appellation  of 
boilinff,  because  it  does  not  appear  that  by  condensing  the  vapour, 
a  fluid  could  be  reproduced  similar  to  that  from  which  it  was 
procured. 

The  above  observations  are  to  be  regarded  as  matters  of  fact, 
independent  of  hypothesis ;  but  it  is  impossible  to  contemplate 
the  phenomena  without  speculating  upon  the  changes  which  the 
oil  may  be  supposed  to  have  undergone  by  the  long  continued 
action  of  heat  upon  it.  We  may  conceive  that  during  this  ope- 
ration the  elements  of  the  oil  act  upon  each  other,  and  that  the 
Add  is  converted  into  an  heterogeneous  compound;  that  the 
first  new  product  is  a  substance  containing  a  larger  proportion 
of  hydrogen,  and  constituting  a  highly  volatile  oil,  capable  of 
bjeing  brought  to  the  aeriform  state  by  a  comparatively  low 
temperature.  The  next  accession  of  heat  seems  to  be  attended 
with  the  production  of  water,  which  is  emitted  along  with  the 
vapour  ot  the  volatile  oil ;  while  at  length,  by  a  further  increase 
of  temperature,  the  substance  remaining  in«  the  boiler,  now 
deprived  of  a  considerable  proportion  of  its  oxygen  aiid  hydro-> 
gen,  gives  rise  to  a  highly  inflammable  pungent  vapour,  compa* 
rativety  free  from  water,  but  accompanied  by  a  consideraole 
proportion  of  acid.  Although  the  experiments  seem,  to  prove 
that  at  least  a  small  quantity  of  the  volatile  oil  is  capable  of  being 
generated  at  the  temperature  of  360^,  yet  it  is  probable  that  the 
chief  efiect  of  this  temperature  is  to  produce  a  change  in  the 
oil,  which  may  dispose  it  to  the  production  of  the  volatile  mat- 
ter at  a  somewhat  greater  heat^  the  mode  in  which  the  heat  is 
applied  being,  to  a  certain  extent,  more  important  than  the 
actual  degree  to  which  it  is  carried. 

It  is  unnecessary  to  remark  that  the  facts  which  have  been 
observed,  although,  as  I  conceive,  new  and  important,  are  to  be 
considered  as  constituting  only  the  first  step  ot  an  investigation, 
whidi  will  probably  lead  to  many  curious  results.  In  what 
degree  the  phenomena  depend  upon  any  thing  pecuUar  in  the 
nawe  of  wnale  oil  in  its  ordinary  state  of  punty,  or  upon  any 
heterogeneous  substance  contained  in  it,  is  tine  first  point  that  it 
win  be  desirable  to  ascertain.  In  the  next  place  it  will  be 
important  to  watch  the  gradual  progression  by  which  the  oil  has 
its  physical  and  chemical  properties  so  much  changed,  and  to 
discover  at  what  degree,  or  arter  what  period  of  time,  the  maxi« 

*  In  one  of  onr  experiments  a  f  pedes  of  ebullidon  occunod  at  a  much  lower  tem« 
peratnie,  about  460^,  the  fluid  being  violently  projected  in  considerable  jets  item.  th« 
Tent  pqpe  to  the  height  of  nine  feet  or  more,  when  the  iuxface  of  the  oil  was  about  five 
indiei  bdow  ihe  cover  of  the  boiler,  and  the  orifice  of  the  vent  pipe  screwed  into  it. 
We  were,  however,  induced  to  regard  this  as  not  the  result  of  the  rapid  volatilization 
of  ihe  entire  fluids  but  as  depending  upon  the  more  volatile  part  of.it  being  suddenly 
converted  into  vapour,  which,  intimMdky  mixing  with  the  viscid  mass,  forced  •  ^^odMraL 
of  hontof  fh«tirt)e. 
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mum  of  effect  takes  place,  or  whether  indeed  there  be  any  terfa 
of  this  kind.  It  will  be  next  desirable  to  learn  what  is  the  lowest 
temperature  at  which  the  volatile  oil  and  the  water  are  respect- 
ively generated,  and  to  examine  at  different  temperatures,  and  st 
""different  periods  of  time,  the  proportion  which  these  substances 
bear  to  each  other.  It  will  likewise  become  a  very  curiout 
"BtiTjject  of  investigation  to  leam  with  more  accuracy  the  nature 
ana  properties  of  the  inflammable  vapour,  whether  it  conMili' 
merely  of  the  volatile  oil  in  a  vaporized  state,  or  of  this  mixA 
TVith  some  permanent  gas  ;  if  so,  whether  the  gas  resemble  air 
Bpecies  of  carburetted  hydrogen  with  which  we  were  previousl; 
acquainted.  Lastly,  we  must  investigate  the  nature  of  the  vols 
tile  oil,  when  obtained  in  a  separate  state  by  distillation,  -am 
also  that  of  the  acid  generated  in  the  latter  part  of  the  oper»' 
tion,  vrhether  it  be  actually  the  acetic  acid,  or  in  what  resped 
it 'differs  from  this  acid  as  obtained  by  the  ordinary  processes. 


Arttcle  XII, 

On  the  Preparation  of  pure  Salts  of'  Manganese,  and  on  th 
Composition  of  its  Oxides.     By  G.  Forchnammej,  Ph.  D. 

The  principal  ore  of  manganese  wrought  for  the  preparatioi 
ofchlorme  is  the  common  grey  ore  of  this  metal,  or  the  peroxide.  3 
I  have  tried  several  of  the  ores  which  occur  in  Germany  in  veiii    ] 
and   beds   in  a  porphyry  belonging  to    the    first   secondar    I 
sandstone,   and   found   tnenn  all  containing   some  copper,  r    ' 
very  small  quantity,  excepting  of  course  the  complete  cryststl 
of  it  which  are  generally  free  from  this  admixture.     It  appeal 
that  the  Devonshire  ore  is  found  in  the  same  geognostic  positio 
as  those  above-mentioned;  and  1  found  this  likewise  contatniD 
some  traces  of  copper,  which,  though  the  combination  does  ni 
"bear  the  character  of  a  chemical  compound,  is  a  strikinginstanbe 
tif  the  similarity  in  the  formation  of  the  same  mineral  in  far  dis- 
tant countries.     Besides  copper,  iron  always  is  present,  and 
a  small    quantity  of  barytes,   aud  even   of   lead,    occur  veiy 
ijften.     Iron,  however,  is  an  admixture,  the  separation  of  wfaicn 
"has  generally  been  the  most  attended  to ;  and  many  cheoiists 
'have  attempted  to  remove  it  by  simple  processes.     There  is  no 
doubt  that  the  benzoate  and  succinate  of  any  alkali  will  throw 
down  all  the  deutoside  of  iron  ;  but  if  there  is  protoxide,  it  may 
-escape  to  a  certain  degree,  and  then  these  salts  are  so  expensive 
that,  for  preparing  a  quantity  of  the  pure  oxide  of  manganese,  it 
would  be  desirable  to  find  another  process.    The  method  1 
made  use  of  is  the  following;  I  prepared  in  the  common  waj' 
sulphate  of  manganese  by  healing  equal  parts  of  peroxide'  o( 
manganese  with  sulphuric  acid,  only  taking  care  to  keep  it  ii 
tie    Sre    until  rapour   of  sulphuric  acid  ceased   to    appeaPi 
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hj  these  meaiis  the  bistdphate  of  pDOtozide  and  the  id* 
paste  of  deBtoxide  are  decomposed,  and  ooaveited  into  snlphate 
of  protoxide.  The  solution,  which  of  course  could  contain 
neitker  barytes  nor  lead,  whatever  quantity  of  them  there  might 
be  in  the  ore,  contains  only  the  sulphates  of  manganese,  iron,  and 
cc^per.  In  order  to  remove  the  two  latter  metals,  I  poured 
successively  into  the  solution  of  the  manganese  a  solution  ef 
hydrosnlphuret  of  ammonia,  which  first  precipitates  the  copper 
of  a  black  colour,  then  the  iron  likewise  black,  and  at  last  the 
manganese  of  a  white  colour.  When  the  colour  of  the  precipi- 
late  tnms  grey,  I  heat  the  Uquor  to  the  boiling  point,  and  then 
lAow  it  to  remain  undisturbed  for  the  purpose  of  trying  it  witfi 
tests. 

Tlie  prussiate  of  potash  is  sufficient  for  that  purpose,  vehich 
]»ecipitates  the  salts  of  pure  manganese  of  a  white  colour;  the 
slightest  trace  of  iron  is  directly  shown  by  a  blue  colour^  aod 
copper  by  red. 

liie  crystals  of  sulphate  of  manganese  which  I  made  use  of  for 
the  analysis  were  made  in  a  different  way  to  avoid  the  preseaee 
of  any  alkali.  Through  the  impure  sulphuric  solution  of  manga- 
nese, I  passed  sulphuretted  hydrogen  to  remove  ihe  copper^  aad 
then  concentrated  it  by  evaporation  until  it  became  a  very  strong 
solution,  which,  however,  did  not  crystallize  when  cold.  Spirit 
of  wine  containing  80  to  90  per  cent,  of  alcohol  divides  the 
sdlution  into  two  parts,  the  lower  of  whidi  soon  deposits  ciys- 
tek  of  sulphate  of  manganese,  often  -entirely  free  from  iron,  but 
sometimes  they  contain  a  very  slight  portion  of  it. 

From  the  pure  sulphate  of  manganese  above-mentioned,  I 
obtained  by  carbonate  of  potash  the  carbonate  of  manganese, 
ivtuch  yielded  me  all  the  different  oxides. 

I  tried  often  to  prepare  the  pure  metal  from  one  of  these 
oxides,  but  I  never  could  succeed.  I  exposed  it,  with  charcoal, 
to  the  heat  of  a  furnace,  in  the  china  manufactory  in  Copen* 
hftgen,  where  iron  melts  very  easily ;  but  though  the  oxide  was 
reduced,  and  the  powder  in  the  crucible  dissolved  in  acids,, with 
flie  evolution  of  much  hydrogen,  it  was  not  melted ;  and  whe- 
flier  it  was  metal,  or  an  oxide  containing  less  oxygen  than  the 
protoxide,  I  was  not  able  to  ascertain.  In  another  experiment, 
when  I  exposed  it  to  the  heat  of  a  large  anchor-ferge,  1  obtained 
small  grains. 

On  the  Protoxide. 

I  found  it  rather  difficult  to  obtain  a  protoxide  completely  free 
from  all  deutoxide.  ITie  usual  way,  by  heating  carbonate  at 
manganese  in  a  retort  full  of  carbonic  acid,  did  not  appear  to 
me  veiy  accurate,  as  I  never  was  able  to  obtain  a  carbonate  of 
protoxide  of  manganese  completely  free  from  all  deutoxide.  All 
the  sdutions  (yf  protoxide,  if  they  have  been  exposed  to  1dbf^'«iX|, 
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contain  a  small  quantity  of  deutoxide  which  occasions  their  red- 
dish colour,  and  the  carbonate  being  obtained  from  them  of 
course  contains  the  same.  That  the  red  colour  of  the  solutions 
of  manganese  depends  upon  the  presence  of  deutoxide,  I  had 
an  opportunity  of  observing  in  the  following  way  ; 

In  my  paper  on  the  Acids  of  Manganese,  I  have  mentioned 
the  mode  m  which  I  decomposed  the  brown  compound  of  lead, 
manganese,  and  osygen,  by  bisulphate  of  potash ;  and  I  made 
use  of  the  same  method  for  ascertaining  the  quantity  of  oxygea 
combined  with  protoxide  in  the  deutoxide  and  peroxide.  I 
found  that  when  the  greater  part  of  the  oxygen  was  expelled  by 
the  combined  action  of  heat  and  the  bisulphate  of  potash,  the 
powder  was  entirely  dissolved ,  and  formed  a  beautiful  transparstt 
amethystine  coloured  solution,  which  still  yielded  oxygen,  and 
became  of  a  pink  colour.  The  expulsion  of  oxygen  did  not 
cease  until  the  melted  salt  in  the  retort  was  entirely  colourless, 
and  it  remained  so  when  cold.  A  solution  of  it  in  water  was 
colourless,  but,  when  exposed  to  the  air,  it  soon  acquired  tha 
shght  pink  colour,  which  is  characteristic  of  all  the  salts  of  man- 
ganese. This  experiment  proves  obviously  that  the  colour 
depends  upon  the  surplus  of  oxygen  combined  with  the  protoxide, 
or  that  all  these  pink-colonred  solutions  and  salts  contain  bofli 
protoxide  and  deutoxide  ;  the  latter,  however,  only  in  very  amaS 
quantity. 

The  way  I  proceeded  in  order  to  obtain  pure  protoxide  wu 
this :  I  filled  a  glass  tube,  open  at  both  ends,  with  deutoxide, 
and  heated  it  over  a  lamp  while  I  passed  hydrogen  gas  through 
it.  The  brown  povvder  soon  changed  to  a  light  yellow,  which 
colour,  while  the  powder  was  cooling,  became  white,  and 
the  cold  oxide  was  of  a  beautiful  light-green.  This  colour, 
however,  changed  in  the  air ;  for  while  1  was  taking  the  open 
tube  to  a  pair  of  scales  in  another  room,  it  evidendy  attracted 
oxygen,  and  its  colour  changed  into  greyish-green  ;  and  when 
converted  by  combustion  again  into  deutoxide,  it  gained  five 
per  cent. 

Tiiere  is  not  any  reason  to  induce  us  to  suppose  that  in  this 
case  the  protoxide  had  been  reduced  to  suboxide  by  the  action 
of  hydrogen,  for  the  heat  was  very  gentle,  and  from  the  power 
with  which  the  metal  decomposes  water  even  in  the  coiomon 
temperature  of  the  atmosphere,  we  scarcely  can  expect  that  in 
Eo  slight  a  heat,  hydrogen  should  deprive  the  protoxide  of  a  part 
of  its  oxygen. 

To  ascertain  the  quantity  of  oxygen  in  the  protoxide,  1  ana- 
lyzed the  sulphate  and  carbonate. 

I  heated  a  certain  quantity  of  sulphate  of  manganese  to  red- 
ness, then  dissolved  it,  ami  precipitated  the  sulphuric  acid  by 
nitrate  of  barytes.  Five  grammes  of  perfectly  dry  sulphate  of 
manganese  gave  me  7-913  grammes  of  sulphate   of  baxyteq. 
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which  are  equivalent  to  2*7181  mrammes  of  sulphuric  acid,  allow^ 
in^  that  100  parts  sulphate  of  barytes  contain '34*35  parts  of 
sulphuric  acid.  > 

One  hundred  parts  of  sulphate  of  manganese  consist^  there- 
fore, of 

Sulphuric  acid 64*378 

Protoxide  of  manganese 46*622 

100*000 

One  hundred  parts  of  protoxide  of  manganese  combine  with 
119*192  parts  of  sulphuric  acid,  which  contain  71*6156  parts  of 
oxygen,  and  thus  we  find  the  protoxide  of  manganese  consist- 
ing of 

Oxygen 23*8385 

Manganese •  • . .  76*1616 

100*0000 

Or  100  parts  of  manganese  combine  with  31*29  parts  of  oxygen 
to  form  the  protoxide. 

In  another  experiment,  where  I  had  reason  to  suspect  that  the 
heated  sulphate  of  manganese  had  again  attracted  some  water, 
I  obtained  7*731  grammes  sulphate  of  barytes  from  five  grammes 
of  sulphate  of  manganese.  After  having  precipitated  all  the 
excess  of  barytes  in  the  solution,  I  threw  down  the  manganese 
by  carbonate  of  potash,  and  having  converted  it  into  deutoxide 
by  ^exposing  it  to  a  red  heat  in  an  open  vessel,  the,  quantity 
obtained  was  2*480  grms.  I  shall  be  able  hereafter  to  prove, 
that  the  deutoxide  consists  of  92*4342  parts  of  protoxide  and 
7*6668  parts  of  oxygen :  2*480  grms.  of  deutoxide  consist,  there- 
fore, of^ 

Oxygen 0*18764 

Protoxide 2*29236 

The  sulphate  of  barytes  obtained  indicates  2  6666  grms.  sul- 
phuric acid,  which  combine  with  2*29236  parts  of  sulphuric 
acid. 

One  hundred  parts  of  protoxide  of  manganese,  according  to 
this  experiment,  would  combine  with  116*90  of  sulphuric  acid; 
and  they,  therefore,  would  consist  of 

;   .  Oxygen .23*18 

Manganese -^ 76*82 

Or  100  parts  of  manganese  combine  with  30*18  parts  of  oxygen 
to  form  the  protoxide. 

I  several  times  heated  the  deutoxide  with  sulphuric  acid ;  and  by 
the  quantity  of  sulphate  of  manganese  thus  obtained,  I  endeavoured 
to  find  the  quantity  of  sulphuric  acid,  but  the  vapours  of  this 
acid  always  carried  off  some  sulphate  of  mangaTie%e,'SR\i\c\iN5rwit 
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again  dcpOBited  oo  the  cover  of  the  crucible,  and  partly  lost. 
The  smaJleat  quantity  of  sulphuric  acid  which,  iu  tnat  way,  I 
found  combined  with  lOU  parts  of  protoxide,  was  113  parts, 
which  indicates  29-19  parts  of  oxygen  as  combined  with  100 
parts  of  manganese  in  the  protoxide,  Beraclius  finds  only  28' 10, 
which  certainly  is  too  little. 

From  the  purest  sulphate  of  manganese,  I  prepared  carbonate 
of  manganese,  avoiding  oxidation  as  much  as  possible ;  five 
grammes  exposed  during  a  long  time  to  a  red  heat  in  an  open 
vessel  yielded  2-803  parts  of  deutoside  =  2-6^776  protoxide. 

Two  decigrammes  of  the  carbonate  yielded  by  muriatic  acid 
in  a  tube  wiUi  mercury  2' 176  French  cubical  inches  of  carbonic 
acid.  The  weight  of  tlie  carbonic  acid  at  a  medium  temperature 
and  pressure  is  0-0661  grm,  and  the  salt  contains  33-06  per 
cent,  of  carbonic  acid :  33-05  parts  of  carbonic  acid  contain 
24-036  parts  of  oxygen ;  and,  therefore,  the  2'58776  parts  of 
>  protoxide  of  manganese  contain  0-60U9  part  of  oxygen. 

One  hundred  parts  of  protoxide  contain,  according  to  this 
experiment, 

Oxygen 23-22 

Manganese 76-78 


Or,  100  parts  of  manganese  combine  with  30-24  parts  of  oxygen. 

The  composition  of  the  artificial  carbonate  of  manganese  is, 

therefore, 


1  ,lo»ofp„U,.i<le....  51-755 {5™', -"i;-- 

9-014  carbon 
24-036  oxygen 

1-602  hydroger 
12-018  oxygen 


1  atom  of  carbonic  acid.  33-05   \ 

1  atom  of  TOter 13-520  {  ^^SSl  ^jl'^^ 


There  was  a  loss  of  1-675,  which  I  imagine  consisted  of  watcj 
not  chemically  combined  with  the  salt. 

SSt.  Jolm,  of  Berlin,  from  160  grammes  of  crystallized  sulphate 
of  manganese  obtained  148-5  grms.  of  sulphate  of  barytes,  ari^' 
83-25  carbonate  of  manganese,  which,  when  calculated  after  my ' 
analyses  of  the  carbonate,  indicates  lOO  parts  of  protoxide  anq 
llB-43  parts  of  sulphuric  acid,  and  100  parts  of  manganess, 
combined  with  31-03  oxygen,  to  form  the  protoxide.  It  seems, 
therefore,  as  if  some  number  between  30-18  and  31-29  is  tHa, 
true  number  fur  the  oxygen  combined  with  100  manganese  m 
the  protoxide. 

On  ihe  Deutoiide. 

35*  coJoifr  of  the  deutoxii^e  is  brown,  resembling   that  tff. 
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4ea(;6zide  of  iron,  but  rather  darker.  It  is  soluble  in  some  adds. 
Muriaiic  acid  dissolves  it  when  at  about  43^  Fahrenheit,  ft  is 
necessary  that  the  muriatic  acid  should  be  very  strong,  and  tha 
deutoxide  of  manganese  added  in  small  quantities  at  a  time,  in 
order  to  avoid  increasing  the  heat  of  the  liquid.  Thus  a  dark* 
brown  solution  is  obtained,  which,  in  a  temperature  below  41^ 
Fahrenheit,  may  be  kept  a  few  days  unaltered ;  but  when  exposed 
to  the  sunbeams,  or  to  any  increase  of  temperature,  chlonne  is 
evolved,  and  muriate  of  protoxide  formed.  In  those  cases  where 
I  succeeded  in  charging  the  concentrated  muriatic  acid  wiA  a 
considerable  quantity  of  oxide  of  manganese^  the  proportions 
seemed  to  me  to  be  such  that  when  I  destroyed  the  compound' 
by  heat,  I  obtained  chlorine  and  neutral  muriate  of  protoxide : 
toe  experiments,  however,  on  which  I  found  that  opmion  were 
not  very  accurate.  When  the  muriatic  solution  is  poured  into  a 
large  quantity  of  waJter,  a  mixture  of  deutoxide  and  peroxide  is 
thrown  down,  and  muriate  of  protoxide  remains  dissolved.  The 
muriatic  solution  of  deutoxide,  even  when  no  chlorine  can  be 
discovered  bjr  the  smell,  acts  nearly  in  the  same  way  a^  au 
aqueous  solution  oFchlorine,  metals  are  instantly  dissolved,  and 
an  adequate  portion  of  deutoxide  brought  to  the  state  of  protox- 
ide. Tartaric  acid,  when  thrown  into  such  a  solution,  instantly 
emits  carbonic  acid  gas  ;  and  sulphurous  acid  and  sulphuretted 
hydrogen,  when  in  contact  vnth  it,  instantly  form  sulphuric 
acid. 

The  sulphuric  acid  acts  nearly  in  the  same  way  as  the  muriatio 
acid,  and  the  sulphuric  solution  of  deutoxide  has  the  same 
properties  with  respect  to  metals  and  vegetable  substances  as  the 
muriatic  solution,  which  induced  Mr.  Giobert,  about  30  years 
ago,  to  believe  in  the  existence  of  an  oxygenated  sulphuric  aoid. 
Sulphuric  acid,  when  much  diluted,  decomposes  the  deutoxide 
ana  forms  peroxide  and  sulphate  of  protoxide.  I  never  could 
obtain  a  nitric  solution  of  deutoxide,  but  always  pix>cored  mtrate 
of  protoxide  and  peroxide. 

it  is  a  curious  fact  that  the  existence  of  this  deutoxide  has 
been  rery  often  denied,  though  it  is  of  all  the  different  oxides 
of  manganese,  the  only  one  which  is  easily  obtained  ill  its  pure 
state.  As  the  quantity  of  oxygen  found  in  this  oxide  seemed  not 
to  agree  with  the  rules  laid  down  for  the  relation  of  the  oxygen 
of  tbe  different  oxides,  it  was,  in  contradiction  to  all  it&  proper- 
ties, supposed  to  be  a  compound  of  two  oxides ;  viz.  of  tl{e  pot* 
oxide,  and  a  deutoxide  which  does  not  exist.  This  oxiae  ia 
formed  by  the  combustion  of  the  protoxide  of  manganese  in  tbe 
oxygen  of  atmospheric  air,  as  was  observed  by  Scheele.  When 
pure  protoxide  is  heated  in  the  air  between  the  boiling  point 
of  water  and  that  of  mercury,  it  si^ddenly  begins  to  take  fire, 
and  bums  slowly  with  a  reddish  light.  This  only  takes  place 
when  the  protoxide  does  not  contain  carbonic  acid.  The  oai^ 
bonate,  wh^n  heated  to  the  same  temperatuxei  ?iud  uu^^t  ^(^ 
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•une  circumstaoceB,  is  converted  into  peroxide  without  any* 
visible  fire.  I  believe  the  single  circumstance  that  the  brown 
deutoxide  is  the  result  of  combustion  without  the  interference  of 
any  other  substance  is  sufficient  to  prove  it  to  be  a  real  oxide, 
and  not  a  compound  of  two  different  oxides.  It  would  be  sufE- 
cient  in  my  opinion  even  if  the  quantity  of  oxygen  found  in  this' 
deutoxide  did  not  at  all  agree  with  that  of  any  of  the  other 
oxides.     I  shall  prove,  however,  that  it  does  apree. 

The  quantity  of  oxygen  in  the  different  oxides  of  manganes* 
has  generally  been  ascertained  by  synthesis,  and  the  results 
have  been  very  different  indeed.  I  tried  the  analytical  method, 
and  at  least  found  the  results  consistent  with  each  other,  thongh: . 
differing  from  those  of  other  chemists.  I  have  already  described 
the  manner  in  which  I  conducted  the  experiment  with  bisuipbate' 
of  potash  ;  I  shall,  therefore,  here  only  mention  the  result. 

Two  grammes  of  brown  deutoxide  gave  me  a  bulk  of  oxygen, 
which,  reduced  to  the  mean  temperature  and  ])ressure  of  air,  is' 
equal  to5'rt243  French  cubic  Inches  of  oxygen,  whose  weight  it' 
0'  151316603  gramme,  and  100  parts  of  deutoxide  consist  of 

Oxygen 7-5658 

Protoxide  of  manganese 92-4342 

lOO-OOOO  , 

92'4342  parts  of  protoxide  contain  70-403  parts  of  metal  and 
22-0312  parts  of  oxygen;  and  it  is  obvious  that  22-0312  bean 
very  near  the  same  proportion  to  (22-0312  +  7-5658)  =  29*597' 
as  3  :  4,  which  expresses  the  relative  quantities  ofoxygeain  thai 
protoxide  and  deutoxide. 

TTie  composition  of  the  deutoxide  is  : 

Oxygen 29-597  . 

Manganese , 70-403 

100-000 

One  hundred  parts  of  manganese  combine  with  42-040  part* 
of  oxygen  in  order  to  form  deutoxide. 

On  the  Peroxide.  . 

When  the  deutoxide  of  manganese  is  boiled  with  pure  weak 
nitric  acid,  a  part  of  the  oxygen  is  accumulated  in  one  part  of 
the  manganese,  while  the  rest  reduced  to  protoxide  is  dissolved," 
The  peroxide  thus  obtained  is  black :  it  is  insoluble  in  acids  and 
alkalies.  Acids  have  no  effect  whatsoever  on  it,  unless  they  ar* 
capable  of  depriving  it  of  a  part  of  its  oxygen.  Alkalies,  whed 
heated  slightly  with  it,  accumulate  the  oxygen  in  one  part,  and 
dissolve  the  manganeseous  acid  thus  formed ;  while  the  other 
part  reduced  to  deutoxide  remains  undissolved.  This  artiHcid 
peroxide  is  a  conductor  of  electricity,  and  acts  in  a  galvaDi0> 
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pile  nearly  'in  the  same  way  as  the  grey  ore  of  mai^anese, 
which,  when  perfectly  pure,  is  in  its  chemical  properties  exactly 
similar  to  it.  The  peroxide  which  I  obtained  by  the  exposure 
of  carbonate  of  manganese  to  the  air  at  a  temperatm'e  of  about 
500^  Fahrenheit  seemed  to  be  exactly  the  same,  when  purified  by 
weak  cold  muriatic  acid,  which  only  serves  to  dissolve  the  car- 
bonate that  might  have  escaped  the  action  of  the  heat  and  air. 

Ten  grammes  oi  deutoxide,  when  boiled  with  nitric  acid,  gave 
4*793  of  peroxide,  which  contained  a  considerable  quantity  of 
water;  two  grammes,  in  another  experiment,  gave  0*935;  and 
one  gramme  of  the  first  hyperoxide  gave,  after  a  long  exposure 
to  a  red-heat,  0*71  of  brown  deutoxide  ;  4*793  would,  therefore, 
have  yielded  3*40303,  which  consist  of  0*268466  oxygen  and 
3*144664  peroxide  of  manganese;  but  as  10  grammes  of  deut- 
oxide lose  0*76658  gramme  of  oxygen  when  reduced  to  prot- 
oxide, this  oxygen  must  be  combined  with  3*14456  grms.  of 
protoxide,  in  order  to  form  peroxide :  3*14456  grms.  protoxide 
contain  0*74862  grm.  of  oxygen,  and  then  take  up  0*75658  grm. 
of  oxysen  to  form  peroxide.  It  is  obvious,  therefore,  that  the 
peroxide  contains  twice  as  much  oxygen  as  the  protoxide,  and 
it  is  likewise  obvious  that  the  peroxide  which  I  made  use  of  for 
the  analysis  contained  a  small  quantity  of  deutoxide,  and  that  in- 
stead of  3*40303  grms.  of  deutoxide  obtained  from  the  peroxide, 
I  ought  only  to  have  got  3*3333  grms. 

The  composition  of  the  peroxide  is,  therefore. 

Oxygen 36*351 

Hanganese 63*749 

100-000 
«ad  the  artificial  peroxide  is  a  hydrate  consisting  of 

Oxygen 16 

Manganese 30 

Water ; 9 

The  analysis  by  bisulphate  of  potash  gave  a  result  which  differs 
somewhat  from  the  above-mentioned :  for  one  gramme  yielded 
five  French  cubic  inches,  equal  to  0*1421  gramme  of  oxygen; 
while  i  ought  to  have  got  0*1579;  and  1  know  of  no  other  way 
to  account  for  it  than  by  the  loss  necessarily  produced  by  some 
fibres  of  the  paper  on  which  the  peroxide  was  collected.  The 
peroxide  adheres  very  much  to  the  filtering  paper,  and  cannot  be 
removed  without  difficulty  ;  and  any  combustible  matter  intro- 
duced into  the  retort  with  the  oxide  of  manganese  woutd  of 
com*se  produce  a  great  loss  of  oxygen. 

There  is  a  kind  of  oxide  produced  by  the  action  of  moderate 
heat  on  the  nitrate  of  manganese,  its  colour  is  blackish-brown, 
it  dissolves  in  strong  munatic  acid  with  some  effervescence. 
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Berzclius  takes  it  for  the  r^al  deutoxide  ;  but  if  we  compare  the. 
very  compound  action  of  nitric  acid  with  the  simple  effect  f^ 

combustion  in  atmospheric  air,  there  scarcely  can  remain  any 

doubt,  that  not  this,  but  the  first  mentioned  ia  the  real  dcutoside. 

Two  grammes  were  by  a  strong  red-heat  reduced  to  brown 

deutoxide,  and  lust  by  that  0-0(31  grm.     This  oxide,  therefore, 

^^^—  consists  of 

^b  0„eato„of  peroxid.  ■  »323{,2:9«<  «yg».^^ 

^^^^C  One  atom  of  deutoxide  77'677 

^^r,  100-000 

^^^^^P  Article 

•  Analyses  of  Books. 

Pharmacopeia  Coliegii  Medkorum  Edinburgeasis.     1817. 

Although  this  edition  of  the  Edinburgh  Pharmacopceiabas 
been  published  for  more  than  three  years,  yet  I  have  been  pre- 
vented by  various  causes  from  offering  the  observations  and 
experiments  which  I  have  made  respecting  it,  until  it  may  appear 
quite  out  of  date  to  notice  it  at  all. 

1  am  perfectly  aware  of  the  distinguished  stations  in  science 
which  many  of  the  Fellows  of  the  Edinburgh  College  occupy; 
and  it  is  requisite  only  to  remind  the  reader  that  Dr.  Hope  is  the 
President,  and  Dr.  Duncan,  jun.  one  of  its  Fellows,  to  render  it 
certain  that  no  work  of  this  nature  can  have  appeared  without 
having  excited  and  ensured  their  unremitting  attention. 

The  remarks  which  I  now  propose  to  offer  upon  this  work  will 
he  principally  confined  to  the  chemical  part  of  it,  occasionally 
making  observations  upon  the  nomenclature ;  but  the  points  of 
jninor  importance,  such  as  the  arrangement  and  the  regulations 
adopted  as  to  weights,  I  shall  leave  untouched. 

The  preparation  which  I  shall  first  notice  is  termed  acidum 
aceticum  forte ;  it  is  prepared  by  distilling  a  mixture  of  12  parts 
of  sulphate  of  iron,  which  has  been  dried  to  whiteness,  with 
10  parts  of  acetate  of  lead  in  a  glass  retort. 

The  first  objection  which  1  shall  state  to  this  process  is,  that 
the  quantities  of  the  salts  employed  are  not  such  as  are  required 
for  mutual  decomposition.  Ten  parts  of  acetate  of  lead  require 
only  about  76  parts  even  of  crystallized  sulphate  of  iron  for 
their  decomposition,  and  of  this  quantity  nearly  3-6  are  watei} 
admitting  that  only  three-fourths  of  this  proportion  of  water  aro 
dissipated  by  drying,  the  12  parts  of  dried  sulphate  of  iron  wiU 
be  nearly  equal  to  IS  crystallized  instead  of  7'6  only  as  required. 
Salphste  ofiroa  is  not  certainly  a  costly  article,  hut  ^ 
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excess  renders  the  use  of  lai^e  retx)rts  neeessarji  and  thus 
greatly  increases  the  expense  oi  the  operation. 

The  acetic  acid  actually  produced  scarcely  merits  the  name 
of  ''  strong  "  by  which  it  is  described.  I  find  that  its  strength 
is  to  that  of  distilled  vinegar  only  about  as  three  to  one  ;  added 
to  these  objections,  its  odour  is  extremely  unpleasant  arising  from 
empyreuma. 

Another  circumstance  to  be  noticed  is,  that  there  is  left  in  the 
retort  a  mixture  of  sulphate  of  lead  and  peroxide  of  iron,  from 
which  it  is  very  difficult  to  clear  it  for  a  second  operation. 

These  difficulties  are  all  easily  remedied.  Let  the  acetate  of 
lead  be  decomposed  by  sulphate  of  soda;  the  sulphate  of  lead 
being  rejected,  crystallize  the  acetate  of  soda,  and  decompose  it 
by  sulphuric  acid.  The  acid  thus  obtained  is  not  at  all  empy- 
reumatic;  the  sulphate  of  soda  left  in  the  retort  is  easily  dissolvra, 
and  serves  for  a  second  decomposition ;  the  quantity  of  sulphu- 
ric acid  required  is  only  2*6  parts  instead  of  the  6*4  parts  con- 
tained in  the  sulphate  of  iron  directed.  It  is  indeed  true  that 
there  is  the  additional  process  of  crystallizing  the  acetate  of 
soda,  but  this  is  more  than  compensated  for  by  omitting  the 
preparation  and  drying  of  the  sulphate  of  iron. 

Acidum  Muriattcum. — Equal  quantities  of  sulphuric  acid  and 
common  salt  are  directed  to  be  employed  in  the  preparation  of 
this  acid.  It  will  be  seen  by  Dr.  Wollaston's  scale  that  the 
requisite  proportions  are  84  parts  of  acid  to  100  of  salt. 

Acidum  Nitromm. — ^This  acid  is  directed  to  be  distilled  by 
decomposing  24  parts  of  nitre  by  16  of  sulphuric  acid ;  and  it 
may  be  remarked  that  the  product  is  not  strictly  speaking 
nitrous  acid,  but  a  mixture  of  it  and  nitric  acid,  the  latter  being 
unquestionably  in  much  the  larger  proportion. 

Without  denying  the  propriety  of  directing  two  processes  fof 
obtaining  what  I  must  consider  as  really  and  essentially  nitric 
acid,  I  uiink  the  utility  of  the  present  directions  is  more  <han 
questionable.  Dr.  WoUaston  has  shown  that,  to  obtain  the 
whole  of  the  acid  from  nitre  in  the  state  of  greatest  concentra- 
tion, it  is  requisite  to  employ  two  portions  or  atoms  of  sulphuric 
acid  with  one  of  nitre,  if,  however,  as  I  have  observed  in  my 
remarks  upon  the  London  Pharmacopoeia,  one  portion  only  of 
sulphuric  acid  be  employed,  that  portion  of  nitric  acid,  which 
would  otherwise  be  lost,  may  be  condensed  by  passing  through 
water. 

Considering  Dr.  Wollaston's  statement,  and  my  own  on  expe- 
riments on  the  subject,  I  am  of  opinion  that  nitric  acid  ou^ht  to 
be  prepared  either  by  the  use  of  one  atom  of  sulphuric  acid^  or 
two  atoms.  The  Edinburgh  College  have  steered  exactly 
between  these  points;  but  their  reason  for  so  doing,  I  confess,  i» 
not  to  me  at  all  evident. 

I  pot  into  a  retort. 24  parts  pf  nitre  and  16  of  «uligiVi\]Li\c»  ^<\^ 
and  carried  on  the  distillation  as  long  as  nitric  acVdvraib^tcAMCA.^ 
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"Hie  product  was  of  a  straw  colour,  evidently  containing  but  very 
little  nitrous  acid  ;  and  its  specific  gravity  was  !ol3,  instead  of 
1620;  as  stated  in  the  Pharmacoposia.  It  weighed  11'5  parts; 
whereas  24  parts  of  nitre  are  capable  of  yielding  17  parts  of  acid, ' 
provided  sufficient  sulphuric  acid  is  enipioyed  to  afford  water 
enough  to  condense  the  nitric  acid.  Tnat  this  ia  the  case  is 
proved  by  the  experiment  I  am  now  relating.  Sixteen  parts  of 
sulphuric  acid  contain  three  parts  of  water ;  and  it  will  be  seen 
by  Dr.  Wollaston's  scale  that  these  are  sufficient  to  condense' 
only  8*8  parts  of  dry  nitric  acid  into  ll'8  of  nitric  acid,  of  spe- 
cific gravity  15 ;  the  difference  between  actual  and  theoretical 
product  being  only  0'3  of  a  part,  which  is  as  little  aa  can  well 
be  expected  in  experiments  of  this  nature. 

I  have  already  observed  that  the  acid  which  I  obtained  has' 
only  a  straw  colour,  instead  of  a  red  one/  as  the  College  seem  to' 
expect ;  and  I  believe  that  whenever  the  acid  has  this  red- 
colour,  it  is  owing  to  the  presence  of  common  salt  in  the  nitre/ 
the  chlorine  of  which  partially  decomposes  the  nitric  acid. 

Acidum  Nilricum  is  directed  to  be  prepared  by  heating  nitront' 
acid,  until  the  reddish  part  of  it  is  expelled.  If  pure  nitre  be 
made  use  of  in  the  first  preparation,  this  operation  is  totally' 
useless  :  indeed  I  am  at  a  loss  to  imagine  any  utility  in  it,  even 
if  the  acid  were  as  red  as  the  College  seem  to  expect.  I  have  on* 
other  occasions  remarked,  that  when  the  red  acid  is  diluted  with- 
wat«r  (which  it  always  is  before  it  is  used  either  internally,  or  ai' 
a  solvent),  that  the  diluted  acid  is  quite  pale.  If,  however,  the 
College  wish  for  pale  nitric  acid,  it  would  certainly  be  better  to 
adopt  the  London  process  of  using  equal  weights  of  nitre  and 
aulphuric  acid :  this  method,  although  too  expensive  for  common' 
purposes,  saves  the  operation  of  heating  the  acid  afterwards— 
an  operation  attended  with  some  loss,  and  nearly  as  much  risk 
as  the  first  preparation  of  the  acid.  Added  to  this,  unless  the- 
nitric  acid  be  condensed  by  water,  when  less  than  two  atoms  of 
sulphuric  acid  are  used  to  one  of  nitre,  there  is  a  great  loss  of 
nitric  acid,  amounting  in  the  process  adopted  to  about  Sj-  parts 
out  of  17. 

Aqua  ■Polass(T. — To  prepare  this,  six  parts  of  carbonate  of 
potash  are  to  be  rendered  caustic  by  eight  parts  of  lime.  The 
thectfetical  quantity  of  lime  is  only  2^  parts  ;  four  parts,  there- 
ibre,  instead  of  eight  would  have  been  more  than  sufficient. 
The  excess  occasions  waste  by  the  quantity  of  solution  retained. 

Subcarbonas  Ammonia. — One  part  of  muriate  of  ammonia  is 
directed  to  be  decomposed  by  two  parts  of  carbonate  of  lime. 
The  equivalent  quantities  are  nearly  94  of  the  carbonate  to  100 
of  the  muriate ;  it  must,  therefore,  be  admitted  that  one  part 
and  a  half  would  be  sufficient  instead  of  two.  The  excess 
requires  the  use  of  larger  vessels  and  more  firing. 

Aqvn  Ammonia. — In  this  preparation,  the  quantity  of  lime  is 
uselessly  and  inconveniently  large,    "Mmia-te   of  ammonia  is 
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decomposable  by  very  little  more  than  half  its  weight  of  lime : 
the  quantity  ordered  is  once  and  a  half  its  weight.  1  hare  tried 
the  process^  and  found  it  extremely  inconvenient ;  it  is  a  most 
pungent  operation  to  mix,  as  here  directed,  lime  and  muriate  of 
ammonia,  the  quantity  of  Ume  being  so  very  large,  much  delays 
the  getting  it  into  the  retort^  to  the  great  annoyance  of  the 
operator.  I  confess  I  prefer  the  modification  of  the  London 
process  of  1787,  which  l.have  recommended,  and  which,  with  a 
slight  variation,  the  London  College  have  now  adopted.  I  foutfd 
the  specific  gravity  of  the  aqua  ammonisB  of  the  Edinburgh 
Pharmacopceia  to  be  0*936,  agreeing  very  nearly  with  their 
statement ;  viz.  0*939. 

Estimating  by  the  strength  of  the  products  merely,  the  pro- 
cess of  the  Edmburgh  College  is  more  economical  than  the 
London  in  the  proportion  of  16  to  10.  As,  however,  the  former 
order  the  large  quantity  of  lime,  which  they  employ  with  the 
.  muriate  of  ammonia,  to  be  made  red-hot,  the  retort  generally 
breaks  ;  and  as  this  does  not  follow  as  a  matter  of  course  in  the 
London  process,  I  consider  it  to  be  really  most  economical ;  and 
having  tried  bolJi,  it  is  certainly  more  easily  managed. 

Tartras  Antimonii,  incorrectly  so  called,  instead  of  Tartras 
Antimonii  et  Potassse.  This  salt  is  directed  to  be  prepared  by 
the  old  mode  of  boiling  crocus  of  antimony  in  a  solution  of 
tartar.  The  objections  to  this  process  I  have  stated  at  length 
in  my  remarks  on  the  London  Pharmacopoeia.  I  shall,  there- 
fore, only  repeat,  that  it  is  an  extremely  inconvenient  one  on  ac- 
count of  the  difficult  solubility  of  the  crocus,  unless  it  has  gone 
through  the  troublesome  process  of  levigation  or  elutriation. 

Carbonas  Ferri  Pracipiiaius, — Four  parts  of  sulphate  of  iron 
are  directed  to  be  decomposed  by  five  parts  of  carbonate  of  soda. 
Scarcely  4j-  parts  of  the  alkaline  salt  are  requisite. 

Tartras  Potassie  et  Ferri. — This  salt  is  correctly  named ; 
whereas,  as  aheady  observed,  the  potash  has  been  omitted  in 
the  chemical  name  for  tartarized  antimony. 

Acetas  Hydrargyri. — This  salt,  which  is  hot  contained  in  the 
London  Pharmacopoeia,  is  directed  to  be  prepared  by  dissolving 
three  parts  of  mercury  in  four  and  a  half  of  diluted  nitric  acid,  or 
in  a  Utde  more  than  is  required  to  dissolve  it.  This  solution  is 
to.  be  decomposed,  by  three  parts  of  acetate  of  potash  dissolved 
in  about  42  times  its  weight  of  water. 

It  is  of  importance  in  making  this  salt,  that  the  mercury 
.  should  be  as  nearly  as  possible  in  the  state  of  protoxide,  other- 
wise but  Uttle  acetate  of  mercury  will  be  obtained ;  for  if  the 
peracetate  be  formed,  it  is  a  very  soluble  salt,  and  protoacetate 
only  is  deposited  in  crystals. 

On  this  account  I  do  not  see  why  the  College  has  ordered 
ratker  more  nitric  acid  than  is  required  to  dissolve  the  mercury. 
The  excess,  which  in  this  case  amounts  to  about  one-ninth  part, 
is  extremely  liable  to  \^  decomposed  by,  and  to  cow^^i^  ^^ 
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mercury  into,  peroxide,  especially  if  heat  be  used ;  and  then  tke 
logs  which  I  nave  described  will  ensue.  It  is  quite  requisite 
that  the  acetate  of  potash  should  be  pure ;  if  it  contain  any  s\A- 
phuric  or  muriatic  salts,  the  protoxide  of  mercury  will  be  throwa 
down  by  them.  The  salt  which  I  obtained  was  t'ormed  by  using 
acetate  of  soda,  not  tinding  the  acetate  of  potash,  usually  met 
with,  sufficiently  pure.  Seventy-two  parts  of  mercury  yielded  me 
only  29  of  acetate.  Upon  adding  munateofsoda  to  the  remain- 
ing solution,  I  obtained  some  calomel,  showing  that  the  solutitn 
ehould  be  evaporated  for  the  further  production  of  acetate, 
After  this,  I  obtained  by  the  addition  of  soda  a  large  quantity  of 
peroxide  of  mercury,  as  will  be  readily  conceived  when  it  is 
observed  that  72  parts  of  mercury  gave  only  29  of  acetate.  A 
part  of  this  loss  I  am  inclined  to  attribute  to  the  excess  of  nitiic 
acid  already  noticed .  It  appears  to  me  that  acetate  of  lead,  htt 
I  have  not  tried  it,  might  be  advantageously  used  instead  of  ace- 
tate of  potash.  It  must  certainly  be  free  from  sulphuric  and  loa- 
riatic  salts.  After  what  I  have  stated  1  think  it  is  evident,  first, 
that  leas  nitric  acid  should  be  used ;  secondly,  that  less  water 
should  be  employed,  or  the  solution  evaporated  to  obtain  moie 
acetate ;  thirdly,  that  the  peroxide  formed,  should  be  obtained 
by  precipitation  for  preparing  the  oxidum  hydrargyri  nibrum. 

Murias  Hi/drargyri  Corrosrvm. — Two  parU  of  mercury  are 
directed  to  be  boiled  with  two  parts  and  a  half  of  sulphuric  acid, 
and  the  sulphate  of  mercury  resulting  is  to  be  decomposed  by 
four  parts  of  common  salt. 

I  Lave  already  noticed,  that  in  preparing  muriatic  acid,  the 
College  order  common  salt  to  be  decomposed  by  an  equal 
weight  of  sulphuric  acid,  a  quantity  miuecessarily  large.  In 
this  instance,  it  appears  to  be  supposed  that  tlie  remaining  por- 
tion of  two  parts  and  a  half  of  sulptiuric  acid  which  the  sulphate 
of  mercury  contains  are  capable  of  decomposing  four  parts  of 
common  salt.  It  is  probable,  but  I  do  not  speak  with  certainty, 
that  at  least  1-75  parts  of  the  four  parts  of  salt  are  in  excess,  and 
totally  useless. 

Submiirias  Hi/drargt/ri  Prcvipitafits. — In  order  to  prepare 
this,  equal  weights  of  diluted  nitrous  acid  and  mercury  are  to  be  , 
used  to  obtain  a  solution  of  protonitrate  of  mercury,  which  is  to 
he  decomposed  by  muriate  of  soda.  The  quantities  of  acid  and 
mercury  appear  to  be  perfectly  well  apportioned,  scarcely  an 
atom  of  mercury  remaining  undissolved.  In  this  case,  as  well  as 
in  that  of  preparing  the  acetate  ofmercury,  it  is  of  great  import- 
ance that  the  mercury  should  not  be  concerted  into  peroxide  ; 
but  the  directions  are  singulariy  inconsistent  with  each  other.' 
In  preparing  the  nitrate  for  the  acetate,  more  acid  is  directed  to 
be  used  than  is  required  for  dissolving  the  mercury.  In  prepar- 
ing the  nitrate  for  the  submmiate,  the  orders  are  with  more 
propriety  directly  reversed,  more  mercury  being  directed  to  be 
a^aed  to  the  acid  than  it  is  capable  of  dissolving. 
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Even  however,  when  more  mercury  is  used  than  the  acid  can 
dissolve,  alarge  portion  of  peroxide  of  mercury  is  formed,  which 
may  be  thrown  down  by  an  alkali  after  the  precipitation  of  the 
calomel,  I  found  that  48  parts  of  mercury  gave  15  of  peroxide 
after  the  calomel  had  been  formed  and  separated. 

Oxidum  Hydrargyri  Cinereum. — Two  hundred  and  forty  parts 
of  calomel  are  directed  to  be  decomposed  by  as  much  lime- 
water  as  contains  about  180  parts  of  lime.  Now  the  muriatic 
acid  yielded  fay  the  calomel  employed  cannot  combine  with 
more  than  30  parts  of  hme  :  I  do  not  mean  to  say,  if  Ume-water 
be  used,  that  an  excess  is  of  no  importance ;  hut  I  think  that  in 
Hie  quantity  used,  a  portion  must  during  ebullition  be  converted 
into  carbonate,  and  mix  with  the  oxide  of  mercury  obtained.  It 
seems  to  me  diat  potash  is  a  much  better  alkah  than  lime  for 
dus  purpose  ;  being  so  readily  soluble  in  water,  a  small  quantity 
of  the  solution  is  sufficient. 

Oxidum  Hydrargyri  Rubrum  per  Acidum  JViVnctim.— This 
substance,  to  whichso  intolerably  long  a  name  has  been  given, 
is  prepared  by  first  dissolving  three  parts  of  mercury  in  fotir 
of  dilute  nitrous  acid.  As  I  have  already  noticed  that  mercury 
is  soluble  in  its  own  weight  of  this  acid,  and  that  some  peroxi^ 
is  formed ;  it  appears,  therefore,  that  one-fourth  more  acid  is 
now  ordered  than  is  necessary.  The  decomposition  of  that 
nitric  acid  which  holds  protoxide  of  mercury  in  solution  is  suffi* 
cient  at  a  high  temperature  to  convert  it  into  peroxide. 

Subsulphas  Hydrargyri  Flamts  is  formed  by  boiling  together 
two  parts  of  mercury  and  three  of  sulphuric  acid.  In  preparing 
corrosive  sublimate,  the  proportions  are  two  df  Inetal  to  two  and 
a  half  of  acid.  In  one  case  the  acid  must  be  redundant,  or  in 
the  other,  deficient. 

Acetas  PlumbL — Prepared  by  dissolving  white  oxide  of  lead 
in  distilled  vinegar.  By  white  oxide  of  lead  is  meant,  I  suppose, 
carbonate  of  lead,  no  white  oxide  existing,  or  being  mentioned 
among  the  materia  medica.  Litharge  is  the  oxide  usually 
einployed  by  the  manufacturers  of  sugar  of  lead. 

It  is  of  little  importance  to  notice  this  preparation,  because, 
while  it  can  be  bought,  prepared  as  it  now  is  in  purity  on  the 
large  scale,  it  will  always  be  preferred  on  account  of  its 
cheapness. 

In  concluding  these  observations,  I  wish  to  remark,  that 
although  I  have  scarcely  mentioned  any  processes  of  this  work 
with  approbation,  it  is  not  because  I  have  found  them  unworthy 
of  it :  on  the  contrary,  there  are  many  parts  which  I  can  recom- 
mend with  the  greatest  confidence  to  those  who  may  in  future 
undertake  the  office  of  reforming  a  Pharmacopoeia. 
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Nov,  23. — A  letter  to  the  President  from  the  Earl  of  Mortoa 
was  read,  cominunicating  a  curious  fact  in  natural  history. 

The  Earl  of  Morton  had  received  some  years  since  a  male 
Quagga  from  the  Cape  of  Good  Hope.  From  this  and  an  Ara- 
bian olood  chestnut  mare  a  female  hybrid  was  produced,  whict 
possessed  indications  both  as  to  colour  and  form  of  her  miiied 
breed.  In  the  possession  of  another  person,  the  same  mare 
was  afterwards  bred  from  by  an  Arabian  horse ;  the  result 
was  singular,  as,  although  it  had  the  general  appearance  of  the 
Arabian  breed,  it  bore,  in  several  respects,  characters  which 
belong  to  the  Quagga,  such  as  stripes  and  marks  on  the  body, 
and  in  the  hair  of  the  mane. 

Nov.  30. — This  being  the  usual  day  for  the  election  of  officers 
for  the  ensuing  year,  the  following  noblemen  and  gentlemen 
were  appointed: 

President. — Sir  Humphry  Davy,  Bart. 
Treasurer. — Davies  Gilbert,  Esq.  MP. 
Secretaries, — William  Thomas  Brande,  Esq, 

Taylor  Combe,  Esq. 
Council. — Dr.  Ash. 

WJUiam  Blake,  Esq.  MA. 

Earl  Brownlow. 

Bishop  of  Carlisle. 

J.  G.  Children,  Esq. 

Sir  G.  Clerk,  Bart. 

H.  T.  Colebrooke,  Esq. 

J.  W.  Croker,  Esq. 

Charles  Hatchett,  Esq. 

J.  F.  W.  Herschell,  Esq. 

Sir  Everard  Home,  Bart. 

Capt.  Henry  Kater. 

J.  Planta,  Esq. 

J,  Pond,  Esq, 

Earl  Spencer. 

Dr.W.H.WolIaston. 

Dr.  T.  Young,  Foreign  Secretary. 

Dec.  7. — Sir  Humphry  Davy,  on  taking  the  chair,  in  a  abort 

address   adverted  to   the  objects  of  the   Royal  Society :   ho 

alluded  also  to  those  philosophical  associations  whose  objects 

were  similar,  but  confaned  to   particular  branches  of  science.- 

The  present  state  of  the  sciences,  and  the  great  share  whicll. 

the  Royal  Society  had  ia  their  improvement,  were  next  poi 
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out ;  and,  as  connected  with  chemistry,  he  recommemled  the. 
ittbjects  of  fluorine,  and  the  amalgamation  of  ammonia  witli 
mercury. 

Dec.  14, — A  paper,  by  Mr*  Faraday  (communicated  by  tho 
Secretary),  was  read.  It  described  the  composition  and  proper- 
ties of  two  new  compounds  of  chlorine  and  carbon,  and  one  of 
iodine,  hydrogen,  und  carbon.  The  reading  of  this  paper  was 
concluded  on  the  21st,  when  the  Society  adjourned. 

The  first  chloride  of  carbon  obtained  by  Mr.  Faraday  was 
procured  by  acting  upon  chloric  ether  with  chlorine.  The 
muriatic  acid  gas  formed  by  their  mutual  action,  when  exposed 
to  the  sun's  rays,  being  repeatedly  expelled  by  the  introduction 
of  fresh  chlorine,  a  crystallme  substance  was  obtained,  which  is 
the  perchloride  of  carbon.  Mr.  Faiaday  then  details  a  method 
by  wbich  it  may  be  obtained  in  purity,  and  it  then  has  the  foU 
lowing  properties  :  It  is  colourless  and  transparent :  its  smell  is 
rather  aromatic,  somewhat  resembUng  that  of  camphor.  Its 
taste  is  very  sUght ;  and  it  is  nearly  twice  as  heavy  as  water. 
It  is  easily  pulverized  ;  when  scratched,  it  has  the  appearance  of 
white  sugar,  and  it  is  of  about  tlie  same  degree  of  hardness  as  • 
this  substance.  .  It  is  a  non-conductor  of  electricity.  At  a 
medium  temperature,  it  volatilized  slowly;  at  320^  it  melts; 
and  at  360^  it  boils.  It  is  insoluble  in  water,  but  soluble  in  alcohol 
and  in  ether;  it  is  not  readily  combustible  under  common  circum- 
stances ;  but  heated  in  pure  oxygen  gas  it  burns,  and  sometimes 
brilliantly.  When  heated,  it  sublimes  in  a  crystalline  form,  and 
those  crystals  obtained  from  its  solution  in  ether  are  quadrangular 

{lates.  It  appears  to  be  composed  of  three  atoms  of  chlorine  = 
00'5,  and  two  atoms  of  carbon  =  11-4. 

It  is  soluble  in  oils,  both  volatile  and  fixed.  At  a  red-heat, 
but  not  below  it,  oxygen  acts  upon  it ;  the  electric  spark  did  not 
inflame  a  mixture  of  the  vapour  of  it  with  oxygen  even  at  about 
400^  Fahr.  nor  did  hydrogen  cause  any  change  in  it  under  the 
lame  circumstances ;  but  on  passing  them  through  a^  red-hot 
tube,,  decomposition  took  place.  Muriatic  acid  gas  was  formed, 
and  carbon  aeposited.  Sulphuric  acid  does  not  appear  to  act 
upon  it  at  all.  The  metals  for  the  most  part  decompose  the  per- 
ohloride  of  carbon  at  high ,  temperatures.  Potassium  burns 
brilliantly  in  the  vapour  of  it;  and  iron,  tin,.  8cc.  combine  with 
&e. chlorine,  and  deposit  the  carbon. 

When  passed  through  a  red-hot  tube,  it  is  decomposed, 
xhlorine  is  evolved,  and  the  protochlocicie  of  carbon  obtained. 
Proiachloride  of  Carbon^ — ^This  is  formed  by  heating  the, per- 
chloride to  dull  redness;,  it  at  first  sublimes,  but  eventually 
chlorine  is  evolved,  and  the  protochloride  formed ;  and  being 
yaporisad  is  ooadensed  into  a  fluid.  By  repeated  distillation!!i 
it  is  piooured  perfectly  colourlesa  and  limpid,  and  possessing  tbe 
Mkmw(.pco|MH«MSw  Im  specifie  ^vity  1*&&26.  \t'\%  "d.  uocb- 
conductor  afdectncity ;  its  r^cMtive  ftowes  ia  ^ei^  imaxV)  >2ttiiX 
Mw  Series,  vol,  m.  B 
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of  camphor.     It  is  incombustible,  except  in  the  flame  of  a  Bpirit- 
lamp,  and  it  then  yields  muriatic  acid,  with  a  bright  yellow 

it  remains  fluid  at  0°  of  Fahr. ;  heated  under  water  to  about 
J65°,  it  is  vaporized ;  and  while  the  temperature  is  continued, 
remains  so.  When  strongly  heated  by  being  passed  over  rock 
crystal  in  a  glass  tube,  a  portion  of  it  is  decomposed  ;  and  car- 
bon is  deposited  in  the  tube  ;  but  whether  this  decomposition  is 
to  be  attributed  merely  to  the  heat,  or  to  action  upon  the  glaSs, 
is  uncertain.  Like  the  perchloride,  it  does  not  unite  with  water, 
but  it  combines  with  alcohol  and  ether ;  the  solutions  bum 
with  a  greenish  flame,  and  muriatic  acid  fumes  arj  percep- 
tibly evolved.  The  fixed  and  volatile  oils  also  combine  with  it. 
The  metals  act  upon  it  nearly  in  the  same  way  as  upon  the  per- 
chlorides ;  potassium  acts  slowly  upon  it  at  common  tempera- 
tures, but  \vhen  heated  in  the  vapour  of  the  protochloride, 
brilliant  combustion  ensues,  and  carbon  is  deposited.  Neither 
nitric,  muriatic,  nor  sulphuric  acid,  act  upon  it,  and  it  does  not 
combine  with  alkaline  solutions.  Hydrogen  passed  through  the 
vapour  of  this  chloride  decomposes  it  at  a  high  temperature,  car- 
bon is  deposited,  and  muriatic  acid  formed.  It  appears  to 
■consist  of  one  atom  of  each  of  its  constituents,  or  33'5  chlorine 
+  5*7  carbon. 

Mr,  Faraday  has  also  in  this  paper  given  an  account  of  a  triple 
compound  of  iodine,  carbon,  and  hydrogen.  It  was  procuredoy 
exposing  iodine  in  olefiant  gas  to  the  solar  rays.  Crystals  were 
gradually  formed ;  no  hydrmdic  acid  appeared  to  exist  in  the 
vessel;  and  hence  olefiant  gas  had  not  been  decomposed,  but 
merely  absorbed  by  the  iudine.  The  triple  compound  of  iodine, 
■carbon,  and  hydrogen,  was  purified  by  potash,  which  dis- 
solved the  uncombined  iodine.  It  is  a  colourless,  crystalline, 
friable  body  ;  its  taste  is  sweetish,  and  its  smell  aromatic.  It  is 
a  non-conauctor  of  electricity.  By  heat,  it  is  first  melted,  and 
then  sublimes  unchanged,  and  condenses  into  crystals  which 
are  either  tubular  or  prismatic.  At  a  high  temperature  it  suffers 
decomposition  with  the  evolution  of  iodine.  It  bums  in  the 
flame  of  a  spirit-lamp,  giving  iodine  and  hydriodic  acid.  It  is 
soluble  in  ether  and  alcohol,  but  not  in  water,  acid,  or  alkaline 
solutions.  At  between  300°  and  400",  it  is  decomposed  in  sul- 
phuric acid,  but  probably  by  the  mere  heat.  Mr.  Faraday  cou- 
siders  this  substance  as  analogous  to  chloric  ether.  He  proposes 
to  call  it  hydrocarburet  of  iodine.     Mr.  Faraday  has  not  yet. 

Erocured  an  iodide  of  carbon  ;  but  he  entertains  well-grounded! 
opes  of  being  able  to  succeed  when  the  sun's  rays  are  mom' 
powerful  than  at  this  season  of  the  year. 

On  account  of  the  extreme  importance  of  the  facts  contained 

in  the  paper  of  which  I  have  now  given  an  outline,  I  shall  take 

t&e  ear/Jest  opportunity  permitted  by  the  Royal  Society  of  laying 

tAe  whole  of  it  before  the  reader. 


J 
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The  meetings  of  this  Society  were  resumed  on  Nov.  3,  when 
4he  following  papers  were  read  : 

A  notice  accompanying  specimens  of  Lead  Ore  in  Toadstone, 
from  near  Matlock,  Derbysnire,  by  Charles  Stokes/  Esq.  MGS.. 
was  read. 

It  has  been  a  prevalent  opinion  that  the  veins  of  lead  or6 
which  occur  in  the  limestone  of  Derbyshire  do  not  traverse  the 
beds  of  toadstone  which  alternate  with  the  Umestone.  It  appears, 
however,  from  the  information  of  Mr.  Tissington,  that  this  is  an 
error.  A  vein  had  been  worked  in  the  limestone  above  the 
toadstone  at  the  Seven  Rakes  mine,  and  abandoned  on  coming 
to  toadstone  from  the  general  idea  that  the  veins  were  cut  off  by 
it.  About  a  year  ago,  however,  some  miners  ascertained  that 
-the  vein  continues  through  the  toadstone,  and  it  is  now  working 
with  profit.  Another  vein  in  the  side  mine  is  also  working  in 
the  toadstone. 

A  notice  of  fossil  plants  having  been  found  at  the  Col  de 
Balme,  by  H.  T.  de  la  Beche,  Esq.  MGS.  was  read. 

The  Col  de  Balme  at  the  head  of  the  valley  of  Chamouny, 
.which  by  M.  Ebel  is  stated  to  consist  of  primitive  rocks,  is  com- 
posed of  beds  of  clay-slate,  of  Umestone,  and  of  a  few  thin  beds 
^of  sandstone :  these  seem  to  be  a  continuation  of  the  Umestones 
which  are  remarked  in  patches  in  the  valley  of  Chamouny,  and 
.which  probably  once  occupied  the  whole  length  of  the  valley. 

While  crossing  the  Col  de  Balme  in  the  autumn  of  1819, 
M.  de  la  Beche  collected  specimens  of  the  thin  beds  of  sand- 
stone containing  vegetable  impressions  precisely  similar  to  those 
which  are  ususmy  found. in  coal  formations.  He  also  procured 
at  Chamouny  some  specimens  of  clay  slate  found  on  the  Col  de 
Balme,  and  which  had  impressions  of  the  plants  of  coal  forma- 
tions covered  by  beautiful  white  talc  in  very  thin  laminae. 

The  "  Supplementary  Remarks  on  Quartz  Rock,"  by  Dr^ 
iyiaccalloch,  MGS.  were  read. 

A  further  examination  of  the  westward  of  Sundeiland,  where 
gneiss  abounds  in  all  its  varieties  from  tJie  granite  to  the  schis- 
tose, has  enabled  Dr.  Macculloch  to  ascertain  its  alternations 
.with  quartz  rock.  The  latter  appears  sometimes  in  a  detached 
state,  occupying  the  summits  of  those  mountains  of  which  the 
chief  mass  consists  of  gneiss,  as  is  the  case  in  Ben  Stack,  and 
.  in  the  northernmost  Ben  More ;  or  it  is  found  covering  extensive 
tracts  of  country,  and  occupying  the  lowest  as  well  as  the 
nighest  land,  as  in  the  instance  of  the  great  tract  from  Ben  Moire 
Assynt  to  Canasp  and  Curiach. 

On  the  north  side  of  Glendhu,  the  bed  of  quartz  rock  is  about 
100  feet  thick:  it  reposes  on  the  gneiss  which  extends  to  the 
.  wjestem.sea,,  and  consists  of  very  even  and  parallel  ^U^X;^^^  o^^  ^qxl 
extremely  compact  variety.    This  mass  is  K>)\ov«ed\>^  ^  ^wa^sbx 

E  2  ^      - 
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Eeiss  to  that  which  lies  below  it,  and  in  crossing  the  rid^  to 
chmore,  the  quartz  is  again  found  on  one  of  the  infeiior 
summits. 

In  Ben  Ay,  Ben  Wibrigg,  andotherpartsof  Sutherland,  there  ' 
appears  a  gradual  transition  between  the  two  rocks  ;  the  gneiss 
-first  assuming   the   aspect   of   micaceous   schist,    which  then 
passes  into  a  micaceous  and  highly  schistose  quartz  rock,  and 
ultimately  into  pure  quartz. 

In  many  parts  of  the  coast  of  Sutherland,  quartz  rock  iB 
found  alternating  with  red  sandstone,  both  in  single  beds  and  in 
mountain  masses.  The  same  appearances  are  observable  in 
several  parts  of  Ross-shire.  The  quartz  rock  of  which  th^ 
entrance  of  the  eastern  side  of  Loch  Eribol  is  composed,  and 
■which  is  remarkable  for  the  magnitude  and  number  of  the  cavet . 
vhich  it  forms,  contain  pyrites  in  considerable  quantity  ;  and  i» . 
consequence  of  the  decomposition  of  the  substance,  is  frequenth: 
stained  of  a  reddish  brown  colour  so  as  to  resemble  granite.  & 
this  neighbourhood  the  quartz  rock  presents  examples  of  conaii 
derabte  curvatures. 

In  the  district  of  Mar,  Dr.  Macculloch  has  found  a  perpetual. 
alternation  of  gneiss  and  micaceous  schist  with  quartz  rock,  and 
the  apparent  transition  between  the  two  is  so  perfect  that  wiA-. 
out  a  minute  examination  of  the  fractured  rock,  it  is  impoBsiMv 
to  determine  which  it  presents.  In  the  northern  parts  of  Abef- 
deenshire,  this  association  is  less  common. 

The  last  conjunction  of  quartz  rock  observed  by  Dr.  Maccul- 
loch  consists  of  a  repeated  alternation  with  micaceous  schis)^ . 
chlorite  schist,  and  hornblende  schist.  This  series  extends  ov«C  , 
a  considerable  tract  of  country' in  a  regularly  strattlied  mannef^, 
the  beds  of  the  different  rocks  rarely  exceedmg  a  few  yards,  nod 
often  being  only  a  few  inches  in  thickness. 

Quartz  rock  has  not  been  hitherto  found  to  contain  aw 
imbedded  minerals,  except  pyrites  and  garnets. 

Nov.  17. — The  "  Description  of  a  Visit  to  the  Nilghurries,  % 
Range  of  Hills  in  the  Coinibatoor  District,"  (East  ladies)  Iw 
Nathaniel  Kindersley,  of  the  Madras  Civil  Service;  commuiu* 
cated  by  B.  Bahington,  Esq.  was  read. 

Dec.  1.— A  letter  from  O.  Mantell,  Esq.  accompanying  tfabjt 
drawing  of  a  fossd  vegetable  from  the  Sussex  sandstone,  w^^ 
read.  " , 

This  specimen,  which  is  from  the  beds  of  sandstone  that  occttC, 
in  the  Oak-tree  Clay  of  the  south-eastern  part  of  Sussex,  deriret. 
additional  interest  from  the  circumstance  of  its  being  associated^ 
-with  the  remains  of  the  Ichthyosaurus,  and  of  some  species  0$ 
Lacerta.  It  bears  a  closer  atlinity  to  the  Eupherbiae  than  to  oof 
other  recent  vegetable ;  and  it  strikingly  resembles  the  foam 
plants  of  the  gritstone  of  Derbyshire  and  other  places. 

A  paper  "On  the  Valley  of  the  Sulleig  River  mthe  Him^wpft 
Mouataias,"  by  H.  T.  eoIebrooke,Esa.  V?GS..'ws.%  Ktwl. 
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In  a  journey  undertaken  in  the  autuoin  of  1818  by  Lieut.  Aw 
Gerard,  accompanied  by  his  brother,  for  the  purpose  of  approxi* 
mating  towards  the  extreme  height  of  M&nabarover  by  barorce* 
trical  measurement  of  the  bedf  of  the  SuUeig,  a  variety  of 
specimens  illustrative  of  the  geological  structure  of  the  lower 
and  middle  valleys  were  collected,  but  in  consequence  of 
the  many  di£SicuIties  which  were  encountered  on  the  route,  and 
the  accidents  which  happened  to  the  travellers  during  their  |>ro* 
gress,  this  series  has  been  rendered  less  perfect  tlian  it  otherwise 
would  have  been. 

The  banks  of  the  Sutleig,  in  the  lower  valley,  at  the  elevatiooi 
of  20O0  feet  above  the  level  of  the  sea,  are  composed  of  Hmestone 
which  is  apparently  primitive.  The  general  incHnation  of  the 
strata  is  stated  to  be  10^  or  15^,  and  the  direction  much  diversi* 
fied.  At  Jaur6y  on  the  northern  bank,  hot  springs  issue  withia 
two  or  three  feet  from  the  river.  A  thermometer  plunged  into 
one  of  them  rose  to  130°  of  Fahrenheit ;  while  the  temperature 
of  the  river  was  61°.  The  water  has  a  strong  sulphureous  smelly 
and  encrusts  the  pebbles  among  which  it  runs  with  a  yellow 
substance.  Limestone  seems  the  prevailing  rock  on  the  hilU 
which  bound  the  adjacent  valleys.  Among  the  specimens  is  a 
stalactite  from  the  roof  of  a  cave  near  the  top  of  the  Carol  rnouU* 
tain,  und  about  6500  feet  above  the  level  of  the  sea. 

in  ci'ossing  the  Himalaya  at  the  Bruauy  pass,  which  is  the 
route  of  communication  between  the  middle  valley  of  the  SiiU 
leig  and  the  valley  of  the  Paber,  and  of  which  the  extreme  alti* 
tude  is  15,000  feet,  mica  slate,  gneiss,  and  granite  (some  of  the 
specimens  containing  garnets,  and  others  tourmaline),  were 
found  ;  and  veins  of  quartz  and  mica,  and  quartz  aiid  hornblende^ 
are  observable  in  the  specimens  which  have  been  transmitted. 

The  mean  height  of  the  Sutleig  near  to  its  influence  with  the 
Sespa  is  6,300  feet.  The  rocks  which  here  form  its  banks  are 
inclined  26*— 30°,  and  dip  eastward  :  they  consist  of  granite^ 
gneiss,  quartz  rock,  granular  quartz;  quartz,  and  mica,  and  gra- 
nite with  hornblende.  Between  this  spot  and  Rispe,  froni 
6600  to  9800  feet  above  the  level  of  the  sea,  the  rocks  are 
chiefly  formed  of  a  whitish  crumbUng  granite.  The  Cailas,  or 
Baldang  mountains  on  the  south,  an  assemblage  of  pointed 
peaks,  covered  with  snow,  and  more  than  20,000  feet  in  height^ 
are  to  all  appearance  composed  of  the  same  kind  of  rock. 

Overhangmg  the  towa  of  Marangis  is  a  mountain  of  clay  slate% 
Upon  it,  at  an,  elevation  of  12,000  feet,  heath,  juniper,  ana 
gooseberry  bushes,  are  growing.  In  advancing  to  the  Tun^iang^ 
pass,  which  is  13,740  feet  above  the  sea,  rocks  formed  chiefly 
of  compact  quartz,  with  chlorite,  were  observed.  The  pasa 
ite^lf  euibited  clay  slate,  with  pyrites  and  globular  mica. 

A  few  miles  further  on,  granite,  gneiss,  mica  slate,  quartz  and 
an0t,  actinotite,  with  quartz  and  garnets,  ^\taa  m  o^^i^xXv  ^ 
Utijlh^prvf  lime»tone,  mtk  white  veins  and  caKcaxM^tu^  Ivxlv^^"^ 


^    \^ 
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found.  Here  the  strata,  according  to  Lieut.  Gerard's  observation,, 
run  north-west  to  south-east,  and  dip  to  the  north-east,  at  — 
angle  of  40°  or  45". 

In  the  neighbourhood  of  Namptusangi,  the  bed  of  the  Sutleig  1 
is  8220  feet  above  the  sea,  and  consistB  of  only  two  sorts  of  roclcj 
viz.  mica  slate  and  granular  quartz,  with  imperfectly  crystallize^ 
hornblende.  Atits  confluence  with  the  Le  river,  the  banks  are,, 
composed  of  granite.  On  ascending  the  latter  stream,  the. 
banks  were  found  to  exhibit  specimens  of  slate,  potter's  clay^ 
marl,  or  loam  and  sand,  and  stalactitic  carbonate  of  lime. 
Higher  up  the  same  river,  and  in  the  vicinity  of  Chango,  where 
the  bed  is  not  less  than  9900  feet  above  the  sea,  primitive  lime-'  ■ 
stone,  blue  and  likewise  greyish- white,  with  disintegrated  pyrites^, 
were  found  ;  also  mica  slate,  with  fragments  of  veins.  In  one 
instance,  white  quartz  with  raica,  hornblende,  and  garnet;  ia, 
another,  actinolite,  with  quartz,  mica,  and  garnet. 

Between  Natngia  and  Shissk^,  where  the  survey  eastward 
terminated,  and  where  the  bed  of  the  river  ia  liOOO  feet  abore;  \ 
the  level  of  the  sea,  the  rocks  are  composed  of  granite,  witK  ', 
and  without  tourmaline  and  garnets,  gneiss,  mica  slate,  compact  , 
quaitz,  cyanite,  with  quartz  and  mica,  and  compact  felspar,  with' 
hornblende. 

North  of  the  pass  of  the  Shisske-ghuti;  is  situated  the 
Tarhigang  mountains,  which  Lieut.  Gerard  ascended  to  the 
prodigious  height  of  19,411  feet  above  the  level  of  the  sea,  ai^t 
within  two  miles  of  the  top,  which  is  estimated  at  22,000  feet. ' 

The  rocks  here  lie  in  immense  detached  masses,  heaped  upon 
one  another.  One  specimen  of  whitish  primitive  hmestone,  and 
another  of  granite,  with  tourmaline  and  garnet,  which  werd 
found  at  this  station,  have  been  preserved. 

The  Rol  or  Shatul  pass,  over  the  Himalay  mountains,  Iw 
which  the  surveyors  returned  from  this  arduous  journey,  is 
nearly  15,000  feet  high.  The  rocks  at  the  summit  of  this,  pa» 
consist  of  gneiss ;  and  the  peaks  on  each  side,  rising  to  an  elevai^ 
tion  of  nearly  3000  feet  more,  appear  to  be  formed  of  the  same 
materials.  On  descending  the  southern  side  from  the  Roi,  at 
the  height  of  12,000  feet  above  the  sea,  tiie  rocks  are  found 
generally  composed  of  gneiss;  and  on  the  northern  side,  th« 
prevalent  rock  was  ascertained  to  be  granular  quartz. 

Seeds  of  a  species  of  Campanula  were  gathered  at  the  eleva- 
tion of  16,800  feet  above  the  level  of  the  sea,  at  a  spot  where 
the  thermometer  at  noon  in  the  middle  of  October  was  27"  of 
Fahr.  Shrubs  were  found  in  a  vegetating  state  at  a  still  greater 
altitude. 

Dec.  15. — "  A  Notice  respecting  the  Cally  Copper-Mine  in 

Scotland,"  by  John  Taylor,  Esq.  Treasurer  of  the  Geolog.  Soc. 

was  read.     This  mine  is  situated  near  Gatehouse,  a  small  town 

ia  Kircudbrightshhe,  on  the  mail  road  from  Dumfries  to  Port 

Jfatn'ck.     Veins  producing  lead  had  \icen  wotV^A  tVave   for 
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several  years,  but  the  existence  of  copper  was  not  suspected 
until  some  labourers  who  were  employed  to  drain  a  swampy 
piece  of  ground  near  the  top  of  the  hill  of  Cally,  discovered 
several  masses  of  a  rich  ore.  The  mine  has  been  since  worked 
under  the  direction  of  a  company ,  and  has  already  produced  60 
to  70  tons  of  copper,  worth  nearly  16/.  per  ton.  The  direction 
of  the  veins  which  run  east  and  west  of  the  shaft,  that  was  sunk 
to  the  depth  of  eight  fathoms,  on  the  spot  where  the  ore  was 
first  found,  and  seem  to  incline  together,  holds  forth  the  prospect 
of  a  regular  vein  in  depth 

The  ores  are  of  a  mixed  character,  containing  the  yellow  and 
coated  varieties,  with  some  green  carbonate. 

A  paper  "  On  a  recent  deposit  of  Compact  Limestone,"  by 
Charles  Stokes,  Esq.  MGS.  was  read. 

On  examining  a  congeries  of  fragments  of  recent  corals  and 
shells,  supposed  to  be  from  the  Aiediterranean,  portions  of  a 
compact  limestone  were  found  enveloping  and  encrusting  the 
conus  and  shells ;  and  as  it  is  well  known  that  corals  cannot 
penetrate  substances  that  are  much  softer  than  compact  lime- 
stone, it  necessarily  follows  that  this  limestone  must  be  a  recent 
deposit.  One  of  the  corals,  discovered  by  a  fortunate  fracture, 
retains  all  its  beautiful  structure,  although  completely  imbedde^^ 
in  limestone. 

An  extract  of  a  letter  from  Mr.  William  Jack  to  H.  T.  Cole- 
brook  e,  Esq.  VPGS.  dated  Feb  6,  1820,  and  communicated  by 
Mr.  Colebrooke,  was  read. 

The  island  of  Penang  ofif  the  Malay  Peninsula  is  entirely  com** 
posed  of  granite,  varying  in  the  fineness  and  coarseness  of  its 
grain,  and  sometimes  in  containing  hornblende.  In  the  island 
of  Singapore,  the  rocks  are  secondary,  the  principal  one  is  a  red 
sandstone,  of  which  the  strata  have  a  considerable  dip  to  the 
south,  or  south-eastward,  and  which  changes  in  some  parts  to  a 
breccia  or  conglomerate.  A  small  hill  near  the  town  is  com- 
posed of  argillaceous  ironstone.  These  are  the  prevailing  min^ 
rals  along  the  eastern  coast  of  the  Peninsula;  and  the  last 
mentioned  strata  appear  to  be  connected  with  the  alluvial  depo- 
sits of  tin^  which  are  so  abundant  on  this  coast.  The  principal 
mines  are  at  Salengore  and  Pera,  where  the  tin  is  found  in  hori- 
zontal becfe  alternating  with  clay  strata,  and  so  pure  as  onl^ 
to  require  to  be  washed  and  reduced.  Near  this  tm,~the  primi- 
tive and  vdlcanic  ranges  seem  to  meet ;  the  former  descendmg  in 
a  south-^Btstem  direction  through  the  Malay  Peninsula,  and  the 
parallel  island  of  Sumatra,  from  the  Himalaya  range,  until  it 
ix>me8  in  contact  with  the  volcanic  series,  which  runs  from 
thence  nearly  east,  through  Java  and  the  chain  of  islands  thftt 
lieof  its  eastern  extremity.  . 


V 


Scientific  Intelligence.  {''**1! 


I.  TeslforBaryieiandSlroatia. 

Bar^tes  and  strontia  may  lie  reiiJily  distiagublied  rrcim  each  other  b;^  tb 
followine  pnicBss:  Make  a  solution  of'llie  earth,  whichever  it  may  be,  etthl 
by  nitrir,  miirialic,  or  some  other  acid,  which  will  fiirm  a  soluble  salt  witb  il 
add  sn^uMonorsulpbateorsoria  in  excess,  filler,  and  then  test  the  dear  fluid  b; 
gubcnrhi>imteorpiitiii,h.  If  any  precipitate  falla  dowu,  rhe  earth  was  atraittia; 
if  Iha  fluid  remains  clear,  it  wus  harytea. — (Juurnul  of  Science  and  tbe  Art), 
tol.  X.  (..  189.) 

II.  Ammoniacal  Alum. 

M.  Aiintole Riffault hns dctaiied a  setofenuerimeiits made  opon ammbiiiaai  H 
alum.  Nu  analysis  oF  tiiia  m<1[,  he  states,  is  to  be  lound  in  any  treatiM  m  fl 
diemislry.  He  obiervea  also  thiic  a  knowled>!e  of  its  composition  i^  iiecessBtJ  fl 
to  make  an  exaet  aaalysis  iif  tbe  different  varielita  of  alum,  some  of  which  coat  f 
Iain  a  quantity  of  iJiis  salt,  especitilly  those  which  are  not  roanufaclured  is  "J 
France.  Uaviiig  pnri&ed  the  uinuioiiiacal  alum  of  commerce  by  repeated  ci^s^ 
talliialiims,  so  as  In  free  it  trum  iron,  it  was  dried  by  eKposure  lo  the  airj 
13  gr.  420  ofihis  suit  were  first  geiilly,  and  afterwards  strongly,  heated  in, a  pi*-  ' 
^B  crucible  f'lr  aa  liotir  and  a  hall';  the  residuuin  was  pure  alumina;  it  C 
weighed  1  |>r.  603,  equal  to  M-Qii  per  tent.  Un  repealin;;  the  enpBrinient,lbt  \ 
^umina  amoanted  to  11  SCB  ]>er  cent,  giving  a  mean  of  ll'QOQ  per  cent,  of  \ 
Blitcnina  in  amiooniacal uluni.  I 

To  determine  the  quantity  ofsulphuric  acid,  a  solution  of  6  gr.  532  of  lb* 
alum  wasdecijinpo$ed  hy  muriate  uf  baiytes;  the  sulphate  weighed  7  gr.  010, 
^Sgr.  3547  of  sulphuric  acid,  or  36- 104  percent.  This  etpcriment  on  repe- 
tition gate  35-391  per  cent,  or  a  mean  of  3e'04a. 

M.  KiSaiiltconclailes,  that  in  tha  amiuoniacnl  alum  11  goti  of  alumina  are 
combined  with  2(1-979  of  sulphuric  acid,  the  reniulning  9  063  of  the  acid 
uniting  with  3  898  of  amniuuia.  Tbe  composition  of  amnion iacal  alum  hv, 
diaretore,  states  to  be ; 

Sulphate  of  ammonia. 12-9fil 

alumina. 38883 

Water 48-154 

100000 

;=  constitution  of  this  salt:  he  considers  as 

Horn  of  sulphate  nfamnionio 7167   ....   128SS 

■  iiree  BtomH  ol  sulphate  of  alumina S16'69   ....    38-816 

Twenty.four  atoms  uf  water a6!l-88....   48  SIS 


In  the  next  number  of  the  Annals  I  shall  probably  state  the  results  oflOOM 
cnperimenia  which  i  have  made  on  alum,  including  the  ammouiacal  alum  abov^ 
tMDtioned.  I 

III.  Sulphate  ofJndigo  ai  a  Titt  lo  dete-mine  the  Strength  of  Solutions  ofOt^ 

,nuriate^fUme. 

It  is  well-known  that  blearliers  wliia  employ  solution  ofoxymuriate (chloride) 

otiime,  are  ill  t/te  practice  of  determining  its  sttens,l\\  Vij  t\ve  (\iiiW.\t.^  ol'agjtr** 
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^ohat^om  of  solphate  of  indigd  which  it  U  cafMbUof  ditrJuirgiDg.  From  mmt 
axperiments  made  OD  this  tuhiect,  I  6nd  that  this  test  is  not  by  any  meMa  tms 
be  relied  upon,  at  will  appear  by  the  following  statement: 

I  pr^ared  solutions  of  oxymuriate  of  lime  and  sulphate  of  indigo  of  sueh  a 
degree  of  strength  that  equal  measures,  when  mixed,  destroyed  the  coloerof  t^ 
indigo.  I  then  diluted  the  solution  of  oxymuriate  of  lime  in  the  following 
portions^  and  with  tlie  annexed  results : 

One  measure  of  solution  of  oxymuriate  of  lime. 

One  measure  of  water.    This  mixture  destroyed  the  colour  of  IJth 
of  solution  of  indigo. 

One  measure  of  solution  of  oxymuriate  of  lime, 
.  Three  measures  of  water ;  destroyed  the  colour  of  li  measure  of  solution  of 

,   One  measure  of  solution  of  oxymuriate  of  lime, 

Seven  measures  of  water.  This  discharged  the  colour  of  1^  measure  of  solo* 
tigmofindiiro. 

It  appears,  therefore,  ti|at  by  mere  dilution,  the  discliarging  power  of  oxymv^* 
nate  of  lime  is  much  increased ;  an  equal  quantity  of  water  raising  its  power 
eee-fifth,  three  times  its  bulk,  one-fourth;  and  seven  times  its  quantity,  four- 
tantbs. 

.  Dr.  Henry,  to  whom  I  mentioned  these  facts,  accounted  for  them  (if  I  reinMn* 
bar  rightly)  by  supposing  that  when  the  concentrated  solution  of  oxymuriate  of 
fime  is  used,  the  sulphnric  acid  of  the  sulphate  of  indigo  expels  a  portion  ef 
chlorine  in  the  state  of  gas,  and  which  has  no  action  upon  the  colouring  matteiw 
I  think  it  is  worth  the  consideration  of  bleachers,  whether  some  coloured  solo** 
tion  could  not  be  adopted  free  from  this  ambiguity ;  for  it  must  be  evident  that 
the  bleaching  power  6f  the  oxymuriate  is  not  accurately  expressed  by  that  ef 
its  discharging  tlie  colour  of  sulphate  of  indigo.  A  standard  solution  of  cochW 
neaJ  might  be  made  and  preserved  by  common  salt ;  at  leai»t,  X  have  no  donb^ 
it  may  he  so  kept,  for  I  find  that  blue  vegetable  infusions  used  as  tests  forwdim 
and  alkalies  are  very  perfectly  preserved  by  it. 

IV.  On  the  Applicatum  ^  Ckrcmate  of  Liad,  to  Siik^  Woollen,  Linen,  and 

CoUon.  By  M.  J.  L.  Lassaigne. 

The  colouring  matters  which  were  -formerly  ftxed  upon  cloths  were  derived 
from  organized  matter;  none  were  supplied  by  the  mineral  kingdom,  although 
so  nch  in  colouring  combinations  unalterable  by  the  air;  and  it  is  only  within  a 
a  few  years  that  some  of  these  mineral  productions  have  been  applied  to  the  art 
of  dyeing. 

M.  Raymond,  of  Lyons,  was  the  first,  who,  by  a  process,  equally  simple  and 
ingenious,  fixed  prussian  blue  upon  silk,  and  gave  to  the  art  of  dyeing  a  brii* 
liant  and  unchangeable  colour. 

Last  year,  M.  Braconnot,  of  Nancy,  by  applying  sulphuret  of  arsenic  (prpU 
nkent)  to  cloths,  procured  a  yellow  colour,  but  less  durable  ihan  the  former. 

In  the  courhe  of  some  experiments  upon  chromate  of  lead,  I  succeeded,  ilf 
combining  tfiis  salt  with  all  cloths,  by  a  process  similar  to  that  which  M.  Ray* 
moud  employed  to  dye  silk  with  prussiate  of  iron. 

After  having  immersed  well-cleaned  skeins  of  silk  for  a  quarter  of  an  hour  in. 
a  weak  solution  of  subacetate  of  lead,  I  took  them  out,  and  washed  them  in  a 
large  quaintity  of  water;  the  object  of  this  preparation  was  to  combine  the  silk; 
with  a  certain  quantity  of  subacetate  of  lead.  These  cloths,  fhus  prepared, 
vere  afterwards  immersed  in  a  weak  solution' of  neutral  chromate  of  potash,* 
the^jtu^k  a  fine  yellowt  colour,  which  continued  to  ibcrtsase;  bt  the  end  of  tea 
aittotes,  tlie  efiect  ceased,  that  is  to  say,  the  skeins  of  silk  had  received  tbV 
maximum  of  colour,  which  could  be  yielded  by  the  quantity  of  sqbacHMf 
ofieadwich  whioh  they  weiK»  ooubiaed  ^  they  were  then  washed  and  dried* 

^Thn  s^utfofi  ctHMte  dfttm^dt^inmi  4MmpoKd  \xf  tM^^  ^SKM^H^lBiL 
manted  with  jutaicMGU,  max  IwmfiiyeiivriAtxiwik 
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it  "colour,  like  those  supplied  b;  the  minnrnl  kingdom,  was  unalternhle  bf 

exposure  tu  the  air;  by  vHryiiii;  the  pniporiiniis  tif  nub-acetate  of  lead,  and 
cbromateiif  potash,  tints  varviiig  I'rcim  pale  lo  deep  vellnw  may  be  obtained.     ' 

The  same  process  is  applical.le  tuwtiollen,  coHon,  anil  llnau;  but  it  is  bettHf. 
MdiKebl  I beM  difierent  cloths  in  a  solution  of  BcelHteof  lend,  heated  to  about 
lSO°uf  rahrenheic. 

Fnjm  the  inconvenience  which  this  colour  possesses  as  well  as  ibo  formcr.of 
beiog  pnrtiallj  decomposed  by  soap,  I  am  of  opinion  that  it  can  be  employed 
only  fiirdyeiiig  silk. — (Ann.  de  Cbim,  vol,  xv.  p.  77.) 

V.  Proctis  for  procuring  pure  Zircoaia. 

Powder  the  zircons  very  line,  mis  them  with  tno  parts  of  pure  potasb, 
and  heat  tlir.m  red  hot  iu  a  Mlver  ciucible  lor  au  hour.  'I'reat  the  Eubstancs 
obtained  with  distilled  water,  pour  it  on  a  6ller,  and  wash  the  iusoluble^tt 
■well ;  it  will  be  n  compound  of  lirconi  a,  silex,  potash,  and  onide  of  iron.  Di»% 
■olve  it  in  muriatic  acid,  und  eTapurutre  to  dryuL-S!<,  to  sepamte  the  silei.  R»- 
dissnlve  tlie  muriates  of  zirconia  and  iron  in  water ;  and  to  separate  the  zirco- 
nia  which  adheres  to  the  silei,  wasli  it  with  weak  muriatic  acid,  and  add  it  lb 
the  Fiilution.  Filter  the  fluid,  and  precipitate  tlie  zircunia  and  iron  by  pni* 
animonin ;  wash  the  precipitated  well,  and  ibeu  treat  (lie  hydrates  with  oialiv 
iwid,  boiling  Them  well  ti^ether,  that  the  acid  mny  nctou  the  iron,  retaimiigitia 
■ulution  whilst  an  insoluble  oxalate  of  lircimla  is  formed.  It  is  then  to  ba 
Altered,  and  tho  oxalate  woshed,  until  no  iron  can  be  detected  in  the  water  thd 
passes.  Tile  earthy  oxalate  is,  when  dry,  of  ai>  (ipaline  colour ;  after  being  neU 
ivashed,  it  is  to  be  decomposed  by  hetit  lu  a  plutinum  crucible. 

Tbusobtained,thezircriuiais  perleclly  pure,  but  is  not  alfected  by  acids.  It 
MDlt  be  re-Bctett  on  by  putasll  as  before,  liiid  then  washed  until  the  alkati  it 
removed.  Afterwards  dissolve  it  in  muriatic  acid,  and  precipitate  by  amniDiiiNt 
Thi.  hydrate  thrown  down,  when  well  washed,  is  perlectly  pure,  and  e#nlji 
Mlublein  ticid!._(MM.  Dubois  and  Sitveira,  Aaa.  de  LllJTii.  vol.  xiv.  p.  110.} 


Article  XVI. 
NEW  SCIENTIFIC  BOOKS 


Shortly  will  be  published  A  .Series  iif  Questions  and  Answers  in  ihePractic* 
ofPhysic,  Materia  Medica,  &c.  written  fur  ihe  Use  of  Gentlemen  preparing  fijr 
Uieir  Eaamiuation  nt  Apothecaries'  Hall.     By  C  M.  Syder,  Surgeon. 

Mr  Arruwsmidi  has  nearly  ready  liir  publication,  A  Map  of  the  Conslell^ 
tipus,  in  two  large  sheets,  accompanied  by  a  memoir. 

Shortlv  will  be  puLiisbed,  The  Principles  of  Foreign  Medicine,  explained. 
illustrated, and  applied  toBiitish  Practice.     By  J.  G.  Smith,  MD. 

l)r,  Ratusbottom  ,has  nearly  read^.  Practical  Observations  on  Midwiferj^ 
with  a  Selection  of  Cases. 

.  Dr.  Ayreis  prinlini;  n  new  edition,  with  additions,  of  his  Practical  Observ»^ 
tions  on  Oisoitlenuf  iheLiver.  ,^ 

A  System  of  Chemistry,  in  Four  Volumes,  8vo.  By  Thomas  TliomsoD,  MDi» 
lUpus  Professor  of  Chemistrv  in  the  University  of  Glasi^ow,  &n.  &c.  Siltb 
Edition,  revised  and  corrected  throughout.     Price  3/.  ln.Hrds.  '» 

A  Disse  nation  on  theTreatment  of  Morbid  Local  Affections  of  IheNerrMtf 


£y  Joseph  .Swan.     Svo.     10«.  6rf. 

Aa  Essay  on  the  Diagnosis  between  Erysipelas,  Phlegmon,  and  Erytb* 
Jty  Cwwxw  Hmne  WeatlieriieHd,  MD.    8v'u.    4t. 


1«21  J  ^  New  FatMs.  75 

The  Pharmacopoeia  of  the  Rojirai  College  of  Physicians  of  London,  I8O99  'ite- ' 
Tally  translated  by  George  Fred.  Collier,  Surgeon.    8vo.     10s.  6d. 

Elements  of  Chemistry,  with  its  Application  to  explain  the  Phenomena  of 
Nature,  &c.     By  James  Millar,  MD.     8vo.     13s. 

Sound  Mind,  or  Contributions  to  the  Natural  History  and  Physiology  of  the 
Human  Intellect.     By  J.  Haslam.    8to.     7s. 

Practical  Treatise  on  thie  Diseases  of  the  Eye.    By  John  Vetch,  MD.    8ro 
10s.  Qd, ' 

A  Treatise  on  Mildew,  and  the  Cultivation  of  Wheat,  including  many  Agri* 
coltural  Hints.     By  Francis  Blaikie.     Is.  6d. 

The  Botanical  Cultivator,  or  Instructions  for  the  Management  of  Platfts.cuK 
tivated  in  the  Hot-Houses  of  Great  Britain.  By  Robert  bweet,  FLS.  8vo. 
10s.  6rf. 

Grisenthwaite's  New  Theory  of  Agriculture,  in  which  the  Nature  of  Soils,, 
lie. is  explained.     By  J.  C.  Curwen,  Esq.MP.     8vo.     5s. 

View  of  the  Intellectual  Powers  of  Man,  with  Observations  on  their  Cultu* 
lation,  adapted  to  the  present  State  of  this  Country,    8vo.    5s. 


Article  XVII. 

NEW  PATENTS. 

William  Acraman,  Jun.  and  Daniel  Wade  Acraman,  of  Bristol,  for  improve*- 
ments  in  the  processes  of  forming  the  materials  for  manufacturing  chains  and 
chain-cables.    Oct.  16, 1820. 

Joseph  Main,  Esq.  of  Bagnio-court,  Newgate-street,  London,  for  improve-- 
ments  on  wheeled-carriages.    Oct.  20. 

James  Richard  Gilmour,  of  King-street,  Southwark,  and  John  Bold,  of  Mill- 
pond  Bridge,  Surrey,  for  improvetuents  on  printing-presses.    Oct.  SO. 

Thomas  Prest,  of  Chigwell,  Essex,  for  a  new  and  additional  movement  to  a- 
watch  to  enable  it  to  be  wound  up  by  the  pendant  knob,  without  any  detached^ 
key  or  winder.    Oct.  20. 

John  Bickinshaw,  of  Bedlington  Iron  Works,  in  the  county  of  Durham,  for 
improvements  in  manufacturing  and  construction  of  a'  wrought  or  malleable  iro(i> 
nil  road  or  way.    Oct.  23. 

William  Taylor,  of  Wednesbury,  Staffordshire,  furnace-worker,  for  an  im- 
proved furnace  for  smelting  iron  and  other  ores.     Oct.  2.S. 

Thompson  Pearson,  of  South  Shields,  for  an  improvement  on  rudders.  Nov.  1. 

Henry  Lewis  Lobeck,  of  Tower-street,  London,  for  an  improvement  in  the- 
process  of  making  yeast.  (Communicated  by  a  foreigner  to  him.)    Nov.  1. 

Samuel  Wellman  Wright,  of  Upper  Kensington,  Surrey,  for  a  combination  in> 
machinery  for  making  bricks  and  tiles.     Nov.  1. 

Peter  Hawker,  of  Long  Parish  House,  near  Ahdover,  for  a  machine,  instru- 
ment, or  apparatus,  to  assist  in  the  proper  performance  on  the  piano-forte,  or- 
other  keyed  instruments.     Nov.  1. 

Thomas  Bonsor  Crompton,  of  Farmworth,  Lancaster,  for  an  improvement  in 
lirying  and  hnishing  paper,  by  means  hitherto  unused  for  that  purpose.    NoV.  1. 

William  Swift  Torey,  of  Lincoln,  for  certain  improvements  in  drills,  to  bf 
irf^xed  to  ploughs.    Nov.  1. 

John  Winter>  Esq.  of  Acton,  Middlesex,  for  improvements  on  chimney-capS| 
and  in  the  application  thereof.    Nov.  7. 

.William  Carter,  of  St.  Agnes  Circus^  Old-street  road,  printer,  for  improve^ 
jnents  in  steam-engines.    Nov.  11. 

..T^qaas  Dyson,  of  Abbey  Dale,  SheiEeld,  for  an  improvement^  or  improfeiF 
jnents  of  pUne  irons  and  turajoi^  chisels.    Nov.  11»  .   ,./      .^ 


n  Col.  Beaufoy'$  Attrtmomeal,  Magnetical,  ['*W 

Article  XVIII. 

Aslro/iomical,  Magnelieal,  and  Meleoro/ogical  Observaliottt, 

By  Col.  Beaufoy,  F.R.S. 

Bus/iei/  Heulh,  near  Stanmore. 

Lndtude  51°  31'  ii-3"  Nonh.      LoDg^tude  West  ia  time  I'  iQ-^i". 

Aslronomkal  Observations. 
tin.   I.    Emerrion    of    Jupiter's     fiiat  J  1"   W   51"  Mewi  Tunen  Bailiq'. 

sMdlhe }7     4S     IS    Mean  Tims  at  €>recamkl 

Magnetical  Observations,  1820.  —  Variation  West, 
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In  taking  the  mean  of  the  observations,  those  on  the  14th  and 
those  of  the  morning  of  the  1 5th  are  rejected,  being  so  great; 
trad  it  is  remarkable  that  this  excess  continued  only  on  the 
falling  of  snow.  On  the  weather  clearing  up  prior  to  observit^ 
the  noon  variation  of  the  16th,  it  had  decreased.  The  nooa 
observation  of  the  20th  is  likewise  rejected  :  this  increase  wai 
tttflDded  with  drizzlit^  raia. 
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The  observations  in  each  line  of  the  table  apply  to  a  period  of  tw«ity-fi)iir  honify 
Vpmiing  at  9  A.  M.  on  the  day  indicated  in  the  first  column.  A  dash  denotes  tlui 
teitlvH'i8>lldl|led  in  the  next  following  obsetnttiDa*.^'^  <    .>-      \A 
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JlfoutA. I.   Balnj:    »  fine  arch  of  Cirroeumulua  stretthing  fnnal 

Vt  SE,  and  coloured  n  bright  ted  by  the  setting  jun.  2.  Day  very  fine:  ij 
toggy.  3.  A  very  thick  fog  in  the  morning.  4,  5.  Hoar-frost!  foggy.  6,  F 
1.  Cloudy,  e.  Cloiidy.  9,  10,  H.  Fine,  19,  13,  Rainy.  14.  Cloudy:  wn 
alittleanov  about  noon.  1 5.  Cloady  :  some  haiL  16.  WMteJrott:  6ne.  IT.  ■ 
■now  in  (he  ij>orning.  !S.  An  extremely  thick  fog,  whidi  remained  Bust  l£ 
noming.  About  ten  o'clock  the  ccachmen  on  the  road  were  unable  to  aee  theb 
of  thdr  horses,  which,  in  many  InEtanect,  were  obliged  to  be  led.  19.  I 
SO.  Cloudy:  fine.  !l.  Very  fine.  £3.  Rainy.  23.  Morning  very  isinyi  a  nil 
•bdiit  half-put  one,  p.in.      34.  Cloudy.     S5.  Fine.     26.  Fine.    27,  26,  £9, 


r  RESULTS. 

!  N,  4i  NB,  4{  E,  5;  SB,  6  t  SW,  4  j  W,*;  NW.S;  Calm,  t;   V* 
BuMBeter  i  BeaB  height 

For  the  month ..,,.. SS-SfiS  iat 

For  Ihe  lunar  period,  ending  the  26lh S9-S61 

For  IS^ys,  ending  iha  1st  (moon  north) ;!A'IS9 

For  14  days,  «n ding  the  15di.(aiaan  Mulh):.. .,, '304TO 

For  14  days,  ending  cbeSSthdnooDDortb} £9-^1 

I  Mean  height 

yor  the  month «*> 

For  the  lunu  period,  ending  tbe  8B A tl-6 

For  SO  days,  theuninSeo^ 4S>i83 

O-flSii*.    I 

1-88 


LAtrattrji,  Smifitri,  TwelftKMatah,  18,  18«0. 
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Researches  into  the  Mathematical  Principles  of  Chemical  PAife-> 

sopky..    By  J.  B.  Emmett. 

{Continued  from  voL  zvil  p.  358,  Pirtt  Series,) 

HuU^  Dec.  28,  1820. 

Radiation  of  Caloric. 

When  a  mass  of  matter  is  placed  in  a  heated  medium,  it,  for 
a  definite  length  of  time^  is  receiving  heat ;  i.  e.  each  particle,  aft 
well  as  the  entire  mass,  by  prop.  6,  cor.  and  prop.  11,  by  attract- 
ing the  surrounding  caloric,  becomes  encompassed  by  a  calorific 
atmosphere,  which  is  of  uniform  density  in  each  part  of  the 
concentric  strata,  and  which  is  more  dense  than  the  atmosphere 
which  is  produced  by  exposure  to  a  medium  of  lower  tempera- 
ture ;  dunng  this  time,  the  surrounding  ftiedium  experiences  a 
diminution  of  temperature  in  those  parts  which  are  in  the  vicinity 
of  the  cold  mass,  which  diminution  of  heat  continually  decreased, 
and  the  body  arrives  at  the  precise  temperature  of  the  surround- 
ing medium,  which  then  becomes  uniform  in  all  its  parts.  Tlie 
reason  why  the  temperature  of  thebbdy  and  of  the  medium  are 
uniform,  although  the  caloric  is  more  dense  in  those  parts 
which  are  near  the  lyiass  of  matter  thati  in  the  more  remote,  is 
evident ;  for'  by  temperature  is  to  be  understood  the  tendency 
which  caloric  has  to  escape,  or  its  sensible  elastic  force  :  now 
the  increased  elastic  force  of  a  calorific  atmosphere,  arising  from 
its  increased  density,  is  in  part  counteracted  and  opposed  by  its 
tendency  to  the  attracting  body,  and  the  pressure  of  all  the 
superior  strata;    its  sensible  elasticity  must  be  ^tecv&^V]  t]\% 

Neu^  Series,  vol.  /.  f 
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Mr.  EtnmeU  on  the 
same  as  that  of  the  surrounding  calorific  medium;  foriftt:i 
greater,  caloric  will  flow  from  the  body  into  the  surroundii 
medium;  if  less,  to  it ;  consequently,  when  a  mass  of  matter 
placed  in  a  heated  medium,  it  will  continue  to  absorb  calortf 
until  the  sensible  elasticity  of  its  calorific  atmosphere  is  precise^ 
equal  to  that  of  the  surrounding  caloric  ;  under  which  circuis>i 
stances  both  tile  body  and  the  medium  will  have  an  equal  eSe^ 
upon  the  thermometer.  The  elasticity  then  of  the  caloric  oi^ 
can  have  any  effect  upon  the  thermometer ;  for  whatever  be  tl 
quantity  absorbed  by  the  body,  the  thermometer  will  ex^erieai 
the  same  degree  of  elevation,  whether  applied  to  the  medium,  tut 
to  the  body  itself. 

Let  now  the  mass  of  matter  thus  heated  be  brought  into 
medium  of  lower  temperature:  it  is  now  evident,  prop.  6,  colt 
and  prop.  11,  that  the  sensible  elastic  force  of  the  calorific  aim^ 
sphere  will  exceed  Ijiat  of  the  surrounding  medium ;  the  calo^ 
will,  therefore,  have  a  tendency  to  diffuse  itself:  there  are  thrtl 
different  circumstances  under  which  this  may  take  place. 

Case  1. — Suppose  a  warm  solid  to  be  brought  into  a  media 
of  absolute  cold,  in  vacuo,  and  entirely  beyond  the  attractiai 
force  of  any  other  form  of  matter ;  one  force,  viz.  the  elastl 
force  of  the  sun^ounding  caloric  being  removed,  the  calor^ 
atmosphere  of  the  body  will  have  a  terdency  to  enlai^  ik 
dimensions ;  and  since  the  density  of  the  several  concenbi^ 
strata  is  uniform,  it  must  move  in  right  lines,  which  meet  in  t" 
centre  of  the  body  (supposed  spherical),  which  radiation  of  b< 
will  continue  until  the  density  of  the  lower  strata  is  so  I 
reduced  as  only  just  to  balance  the  pressure  of  the  superior  nHj 
ones,  when  the  atmosphere  becomes  quiescent  in  all  its  pai'" 
in  this  case,  therefore,  the  radiation  .of  caloric  arises  entii 
from  the  motion  into  which  the  calorific  atmosphere  is  put 
the  removal  of  the  elastic  force  of  the  surrounding  caloric.  'i\ 
caloric  cannot  leave  the  body,  since  there  is  no  other  form 
matter  by  which  it  can  be  attracted. 

Case  2.— Suppose,  that  instead  of  being  placed  in  absohn^ 
cold,  the  warm  mass  of  matter  is  brought  into  a  medium  having 
a  lower  temperature  than  that  to  which  the  body  was  exposed ; 
the  other  circumstances  remaining,  the  calorific  atmosphere  wiH 
dilate  itself,  its  parts  moving  in  right  lines,  which  will  conttnofi 
until  the  diminished  density  of  the  lower  strata  balances  '*''^ 
elasticity  of  the  surrounding  caloric,  and  the  pressure  of  its 
superior  strata,  when  the  radiation  ceases.  In  both  these  ci 
the  quantity  of  caloric  contained  in  the  atmosphere  of  the  bo< 
is  precisely  the  same ;  viz.  that  which  it  had  at  its  highest  tf  ■ 
perature. 

Case  3. — Suppose,  in  addition  to  either  of  the  other  cases,  ihi 
masses  of  matter  are  placed  within  the  calorific  atmosphei 
having  a  lower  temperature  than  the  parts  of  the  atmosphere 
»hich  they  are  placed.    The  calorific  atmosphere  will  hav" 
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tendency  to  dilate  itself,  as  before,  and  at  the  same  time  its 
quantity  will  be  diminished  by  the  attractive  force  of  the  matter 
in  its  vicinity ;  the  atmosphere  can,  therefore,  only  become 
quiescent,  when  the  requisite  equihbrium  of  the  two  former  cases 
IS  attained,  and  the  surrounding  bodies  have  arrived  at  the  tem- 
perature of  the  parts  of  the  atmosphere  in  which  they  are  placed. 
During  this  operation,  a  current  of  heat  must  flow  from  the 
heated  to  the  cooler  mass,  which,  at  its  several  distances  from 
the  heated  body,  will  have  the  aame  density  as  the  equidistant  , 
strata  of  the  atmosphere.  Hence  the  colder  the  body,  which  is 
absorbingthe  heat,  is  made,  the  more  rapidly  will  the  other  lose 
its  heat.  Also  of  bodies  equally  cold,  those  which  have  the 
greatest  capacities  for  heat  cool  the  other  more  than  tbose  which 
have  less  capacity, 

Theiie  three  phenomena  explain  many  of  the  primary  proper- 
ties of  radiant  heat.  When  bodies  of  equal  magnitude  and 
figure  are  heated  to  the  same  degree,  then  brought  into  a  cooler 
medium,  those  which  have  the  greatest  attraction  for  heat,  by 

Srop.  6,  cor.  will  be  surrounded  by  atmospheres  of  the  greatest 
enaity,  and  consequently  at  equal  distances  from  the  surface, 
will  cause  the  greatest  elevalion  of  the  thermometer;  if  black, 
and  generally  dark  coloured  bodies  be  supposed  to  attmct  heat 
more  than  those  that  have  a  lighter  colour,  this  will  exactly 
coincide  with  the  observed  phenomena  :  for  if  surfaces  equally 
heated,  and  of  equal  magnitude  and  form,  be  one  covered  with 
lamp-black,  another  with  red-lead,  and  another  with  tin-plate,  at 
equal  distances  from  thet^e  surfaces,  the  effects  produced  upon 
the  thermometer  will  be  nearly  in  the  proportion  of  the  numbers 
'  ■  TO,  and  12  (Davy's  Elements,  p.  209) ;  which  is  explained 
loosing  the  attraction  for  heat  of  the  lamp-black  to  be 
St  than  that  of  red-lead,  and  this  greater  than  that  of  tin- 
te'.  It  appears  from  prop.  6,  cor.  and  prop.  11,  that  this  wiH 
not  be  the  order  of  their  several  capacities  for  heat ;  conse- 
queatly,  if  equal  and  similar  masses  of  the  same  matter  be  equally 
heated,  and  have  their  surfaces  ditferently  coloured,  those 
which  have  the  darkest  colour  will  part  with  their  heat  in  less 
time  than  those  which  are  lighter  coloured,  or  polished. 

The  cause  of  the  reflection  of  heat  may  ' 
now  be  easily  explained.     Suppose  A,  fig.  1,     ^_  __ 

to  be  a  heated  body  placed  in   a  cold  me-     r ;' ~" ""^ 

dium,  its  calorific  atmosphere  tends  to  en-  V"'^---'^-'^--."-*-^ 
large  its  dimensions,  or  to  dilate  itself,  moving  '^ 
in  right  lines  from  the  centre  of  A.  If 
it  be  placed  in  the  focus  of  a  parabohc  mirror  B  C,  which  is  of 
anch  a  nature  as  to  have  feeble  attraction  for  caloric,  after 
impinging  upon  this  surface,  it  will  rebound,  or  be  reflected ;  and 
since  the  angle  of  incidence  is  equal  to  the  angle  of  reflection, 
by  the  property  of  the  parabola,  these  incident  caloti&*i  ■twj* 
r  2 
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illd  to  each  olher  as  E  D,  C  E.     If 
fall  upon  another  similar  mirror  D  E,  whose  axis  coincides 


that  uf  B  C,  they  meet  and  are  concentrated  in  its  focus  F  :  jl 
therefore,  a  thermometer  be  placed  in  the  focus  F,  it  will  iodf 
.  eate  a  temperature  superior  to  that  of  the  surrounding  mediugj^ 
which  process  must  continue  until  A  is  cooled  to  the  temperatoK 
of  the  surrounding  medium,  when  the  radiation  ceases,  if  A 
have  the  temperature  of  the  surrounding  medium,  and  F  htjfi 
cold  mass  of  matter,  as  a  frigorilic  mixture,  A  will  experiences 
diminution  of  temperature,  which  phenomenon  has  often  b«M£ 
absurdly  termed  As  radiation  of  cold,  and  is  produced  as  Al- 
lows :  F,  having  a  temperature  below  that  of  the  surrounduii 
medium,  will  absorb  caloiic  from  it,  until  the  temperatures  becog^ 
the  same.  During  this  operation,  F  attracts  towards  its  cent 
whicii  is  the  focus  of  the  mirror  D  E,  the  caloric  from  the  s 
rounding  medium.  Now  it  is  easily  proved  from  the  princi[^ 
of  mechanics,  that  the  particles  of  caloric  being  mutually  Eep# 
lent,  the  only  rays  tJiat  can  impinge  upon  the  mirror  D  E,  804^ 
to  flow  in  succession  to  the  focus,  are  such  as  make  the  angM 
of  incidence  equal  to  the  angle  of  reflection,  which  properO^ 
from  the  nature  of  the  parabola,  belongs  only  to  the  paroliii 
rays  B  0,  C  E,  8tc.  whence,  by  reason  of  the  attraction  ofFfiK 
cftlcric,  itflows  from  the  parts  B  C,  &c.  in  parallel  lluea  to  D^f* 
8u;.  and  for  tlie  same  reason,  that  the  equiUbriun^  of  the  mediji 
Biay  be  preserved,  must  flow  from  A  in  divergent  rays,  imptq( 
iag  upon  B  C ;  wherefore  the  temperatuie  of  A  will  De  reduca 
If,  therefore,  A  be  a  deUcate  thermometer,  it  will  iadicftteili 
temperature  below  that  of  the  surrounding  medium.  These  UM 
phenomena  of  the  radiation  of  heat  are  only  modifications  of  autt 
general  principle:  in  the  first,  the  caloric  is  put  into  moti< 
because  the  body  is  exposed  in  all  directions  to  a  medium,  hi 
ing  a  lower  temperature  than  its  own ;  in  the  second,  to  a  medu 
which  is  cooler  in  only  one  of  its  parts. 
,  If  the  mirrors  be  of  such  a  nature  as  to  absorb  a  considerabfa- 
quantity  of  the  incident  caloric,  the  reflection  of  beat  is  in  pw 
destroyed  ;  for  then  the  mirrors  become  heated,  and  insteadw 
reflecting  the  heat  in  parallel  lines,  or  to  their  foci,  the  cUoM 
radiates  from  each  point  upon  their  surfaces,  as  from  a  ceait^^ 
consequently  little  or  no  effect  wilt  be  produced  in  their  focfc' 
the  same  attains,  if  a  thin  transparent  lamina  be  placed  betwe^A' 
them,  which  has  a  powerful  attraction  for,  and  readily  absorb^  | 
the  incident  caloric,  which  explains  some  phenomena  which  ariat  | 
when  plates  of  glass,  £tc.  are  placed  between  the  mirrors.  1, 

Crt/stallizatioH.  ^ 

It  will  be  proper  first  to  premise,  that  the  particles  whicii 

cenatilute  a  regular  crystal  must,  at  some  previous  time,  ham. 

been  separated  from  each  other,  either  by  the  repulsive  force  ei 
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heat  alone,  or  by  the  agency  of  a  Uquid  menstraum ;  and  it  is 
when  these  particles  again  approach  to  contact  with  each  other 
that  they  arrange  themselves  in  some  particular  and  determinate 
order,  in  consequence  of  the  operation  of  those  forces  whicb 
have  been  investigated.  It  is  well  known  that  crystals  of  pre- 
cisely the-  same  substance  assume  a  great  variety  of  external 
forms,  arising  from  the  external  circumstances  under  which' 
they  are  formed.  We  are  perfectly  ignorant  of  the  causes  which 
determine  the  external  figure,  and  we  can  only  expect  to  be  able 
to  show  what  external  forms  may  result  from  a  given  arrange- 
ment of  particles ;  and  it  is  manifest  that  any  external  figure 
may  result,  in  which  every  external  particle  is  m  a  state  of  per- 
manent equilibrium,  or  quiescence,  which  may  easily  be  inves- 
tigated by  help  of  the  foregoing  propositions.  There  are, 
however,  many  peculiarities  which  cannot  be  examined  until  the^ 
nature  of  chemical  union,  and  the  structure  of  compound  bodies, 
have  been  investigated. 

Prop,  12. — If  any  number  of   equal   and  similar  particles., 
influenced  only  by  their  inherent  forces,  mutually  approaching- 
each  other,  ultimately  come  into  contact,  they  will  be  symmeiri-^ 
cally  arranged. 

Let  A,  B,  C,  D,  fig.  2,  be  four  ecj^ual 
spherical  particles  of  the  same  kind, 
which  are  preserved  in  contact  by  the 
force  of  cohesion,  they  will  form  a 
parallelogram  (prop.  10).  Let  the  two 
E,  F,  approach  to  D,  C;  they  will  join 
themselves  in  such  a  direction  that  a 
parallelogram  will  result,  which  is  equian- 
gular with  the  former ;  if  not,  let  them 

unite  differently;  and  by  prop.  10,  they  must  form  the  paral- 
lelogram C  B  E  F,  whose  major  diagonal  D  F  is  not  parallel 
to  that  of  A  B  C  D :  join  A  E,  produce  A  D,  and  from  E 
draw  E  G,  perpendicular  to  A  G.  If  A  E  represent  the 
force  with  which  A  and  E  mutually  attract  each  other,  it 
may  be  resolved  into  the  two  A  G,  G  E,  of  which,  A  G  tends  to 
bring  E  into  contact  with  D,  and  G  E  to  bring  its  centre  to  the 
Kne  A  G  ;  and  the  same  may  be  proved  of  the  particle  F;  where- 
fore the  particles  E  and  F  will,  when  they  join  D  and  C,  have 
their  centres  in  the  straight  lines  AD,  6  C,  produced,  or  the 
two  parallelograms  being  equal  will  have  their  major  and  minor 
diagonals  respectively  parallel  to  each  other. 

Cor.— r  Hence  crystals  are  always  terminated  by  straight  lines 
and  plane  surfaces. 

Prop.  13. — Crystals  wiH  split  so  as  to  have  a  smooth  firacture 
Okity  in  the  directions  of  the  rows  of  particles,  and  th^e  direc- 
tions are  either  parallel  to,  or  make  a  determinate  and  coostant 
angle  with,  eaeh  other. 
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LetE  G  FH,  fig.  3,  be  a  parallelogram 
formed  of  symmetrically  arranged  particles ; 
if  split  in  the  directions  A  B,  or  C  D,  the 
surtace  will  be  smooth  and  plane,  for  the 
resiating  force  of  cohesion  is  constant  in 
every  part  of  these  hnes,  or  their  parallels, 
and  each  particle  haa  to  be  separated  only 
from  one,  as  a,  c,  or  c,_/';  but  in  any  other 
direction,  E  F,  each  particle  has  to  be  separated  from  two, 
as  a  from  A  and  c  •  therefore,  the  fracture  cannot  proceed 
according  to  that  line, but  must  follow  those  directions  in  which 
it  meets  with  the  least  resistance. 

Cor.  I. —  Hence,  in  an  irregular  fracture,  all  the  irregularities. 
are  pails  of  parallelograms,  having  the  constant  angles  E  G  F, 
or  G  F  H. 

Cor.  2. — Hence,  by  continual  mechanical  division,  a  number, 
of  nuclei  may  be  obtained,  which  arc  all  equiangular,  and  which 
are  similarly  situated  in  the  original  crystal. 

Cor.  3, — Since  all  the  fractures  of  crystals,  or  the  directions 
of  their  rows  of  particles,  are  parallel  to,  or  form  a  constant  j 
angle  with,  each  other,  every  base  of  a  crystal  may  be  consi- . 
dered  as  a  parallelogram  which  wants  some  of  its  parts. 

Cor.  4. — Since  any  number  of  such  bases  may  be  applied^ 
upon  each  other,  which,  by  prop.  10,  must  follow  the  same  law, 
of  arrangement  as  the  bases,  every  solid  crj'stal  may  be  consi- j 
dered  as  formed  from  a  parallelopipedon,  similar  to  that  which  > 
is  obtained  by  the  mechanical  division  of  the  crystal,  by  remov-' 
ing  some  of  its  parts. 

We  may  now  proceed  to  examine  some  of  the  external  forms", 
of  crystals,  and  the  first  part  to  he  investigated  is  the  construo- 
tion  of  the  base,  or  that  surface  which  results  when  a  crystal  is 
split,  quite  through  its  thickness:  these  are  of  two  sorts;  those 
which  have  some  of  their  sides  parallel  to  the  directions  of  split- 
ing,  or  to  the  sides  of  the  original  parallelogram,  and  those 
which  have  none  of  their  sides  so  posited.  Of  those  whichhave 
some  -of  their  sides  parallel  to  those  of  their  nucleus,  the  follow- 
ing will  be  some  of  the  principal  varieties:  ABCD, 
fig.  4,  being  a  parallelogram,  composed  of 
t^rticles  which  are  regularly  arranged,  E  F  and 
G  H,  which  are  parallel  to  its  sides,  are  the 
directions  of  splitting,  by  prop.  13  :  the  paral- 
lelogram is,  therefore,  one  figure  which  the 
base  of  the  crystal  may  assume.  If  the  part 
A  B  C  be  removed,  the  external  figure  A  D  C  is  a  triangle, 
whose  angles  are  D  =  smaller  angle  of  the  figure ;  and  DAG, 
D  C  A,  each  equal  to  half  the  greater  angle  :  or  if  B  C  D  be 
removed,  the  resulting  triangular  base  has  the  angles  A  B  D, 
A  D  B,  each  equal  to  half  the  smaller  angle  of  the  nucleus,  and 


'J 


1821.]  Mathematical  Principles  of  Chemical  PMloiophg.  97 
A  the  larger  angle.  Each  of  these  will  spUt  into  a  number  of 
emaller  parallelograms,  in  lioe^  parallel  to  E  F,  G  H  ;  and  since 
the  smaJlfest  visible  portion  <if  such  a  crystal  is  a  parallelogram, 
equiangular  with  A  B  C  D,  having  its  sides  parallel  to  the  sides- 
A  B  and  B  C,  either  of  the  crystals  A  D  C,  I>  A  B,  may  be  con- 
sidered as  formed  of  such  parallelograms,  in  which  constructioa 
we  observe  the  law  of  decrements  of  Hauy.  If  a  smaller  tri- 
angle, [  B  K,  be  removed,  the  resulting  figure  is  an  irregular 
pentagon,  A  E  K  C  D,  of  which  D  is  the  less  angle  of  the  paral- 
lelogram A  and  C,  each  equal  to  the  greater,  A  t  K,  E  K  C, 
eacE  equal  to  the  smaller  +  half  the  greater  :  or  if  a  triangle 
less  than  D  C  B  be  removed,  there  results  a  pentagon,  of  which 
the  angles  are  the  reverse  of  the  above.  If  the  triangles  E  B  K, 
L  D  M,  be  removed,  the  resulting  figure  is  an  irregulur  hexE^on^ 
of  which  the  angles  A  and  C  each  equal  the  greater  angle  of  the 
parallelogram,  and  the  other  angles  each  equal  the  leas  +  half 
the  greater.  Other  hexagons  may  be  formed  by  removing, 
instead  of  the  above,  both  the  adjacent  angles,  or  one  of  the 
above,  and  one  of  the  adjacent  ones.  If  all  the  four  be  removed, 
we  have  an  irregular  octagon ;  and  in  the  same  manner,  several 
other  figures  may  be  formed,  as  trapezia,  file.  The  other  class 
of  the  bases  of  crystals  are  the  most  abundant  in  nature :  of 
these,  the  following  are  some  of  the  prin. 
cipal  forms:  A  BC  D,  fig.  5,  being  the 
parallelogram,  if  four  triangles,  E  B  H, 
k  C  G,  Stc.  be  removed,  so  that  the 
straight  lines  EH,  H  G,  &c.  all  meet 
each  other,  since  the  particles  are  all 
equal,  the  resulting  figure  E  F  G  H  is  a 
rectangle,  by  the  nature  of  the  rhombus  ; 
and  its  directions  of  splitting  will  be  pa- 
rallel to  I  K,  L  M,  as  before  :  this  form 
often  occurs  in  nature.  In  all  the  above  forms,  the  sides 
of  the  crystal  have  been  parallel  either  to  the  sides  or  the 
diagonals  of  the  original  parallelogram;  but  there  remains  a 
variety  of  forms,  in  vvhich  this  is  not  the  case,  of  which  the  fol- 
lowing is  an  example :  A  B  C  D  being  the  parallelogram,  an. 
irregular  hexagon,  a  b  c  def,  may  be  formed,  and  besides  this,, 
a  great  variety  of  quadrilateral,  pentagonal,  hexagonal,  &C.. 
figures  after  the  same  laws  of  decrement,  in  all  which,  every 
external  particle  is  one  of  an  entire  elementary  parallelogram  ; 
consequently,  prop.  10,  in  a  state  of  permanent  quiescence.  In 
all  the  above  varieties,  it  is  evident  that  these  bases  can  only  be 
spht  into  equiangular  parallelograms  ;  and  hence  every  form 
may  be  derived  immediately  from  that  figure,  by  circumscnbir^ 
each  circle  by  a  parallelogram  similar  to  A  B  C  B,  and  having 
their  corresponding  sides  parallel, 
la  the  same  manner  we  may  proceed  to  examiDe  the  structure 
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of  solid  crystals,  which  are  evidently  formed  by  the  application 
of  the  above  basue  upon  each  other ;  and  in  this,  the  particles 
fbUow  the  same  oider  of  arrang-ement  as  in  the  bases  themsel' 
Thus  in  fig.  3,  by  the  application  of  a  number  of  equal  ; 
similar  bases  upoTi  each  other,  is  formed  a  rhomb  :  if  the  basai 
decrease  continually  in  magnitude,  the  resulting  figure  is  a  qua- 
drilateral pyramid.  From  fig.  5,  results  the  cube,  quadrilateral 
Jrism  havmg  equal  sides,  or  the  octohedron :  from  fig.  5,  the 
exagonal  prisms  and  pyramids.  The  reason  is  now  evident 
■why  the  bases  of  different  ciystals  are  so  variously  inclined  to 
their  sides,  for  the  base,  which  is  obtained  by  spUtting  a  crystal 
entirely  through  its  thickness,  is  evidently  formed  by  the  unioB 
of  regular  rows  of  partieles,  prop.  13 ;  so  that  having  given  the 
angles  of  the  nucleus,  its  position  in,  and  the  number  of  sides  of, 
the  crystal,  it  is  easy  to  determine  its  entire  structure.  Itia  ^ 
obvious  that  what  has  been  said  applies  only  to  crystals  of ' 
simple  matter,  or  such  compounds  as  consist  of  particles  which 
have  the  same  magnitude.  When  the  nature  of  combination  has 
been  examined,  a  still  more  numerous  doss  of  external  forms 
will  be  exhibited,  which,  together  with  the  former,  will  compre- 
hend almost  every  variety  found  in  nature,  by  the  arrangement 
of  spherical  particles  only.  It  may  be  objected,  that  the  angles 
of  (Crystals  should  undergo  a  change  by  the  application  of  heat: 
we  must,  however,  recollect  that  in  the  elementary  parallelogram 
the  smaller  angle  is  just  60°  at  the  absolute  zero  of  temperature,  j 
in  a  simple  substance,  and  90°  at  most,  when,  on  the  point  of  ' 
fusing ;  therefore,  only  a  very  small  change  can  be  expected  by 
e>en  a  very  considemble  variation  of  temperature ;  yet  froM 
certain  experiments  thati  have  made  on  this  subject  with  some 
highly  infusible  matters,  it  is  evident  that  this  change  doe* 
really  take  place  ^  but  from  the  great  differences  which  exist  in 
the  cohesive  force  in  the  several  parts  of  the  same  crystal,  the 
effect  is  considerably  irregular.  The  results  of  these  experi- 
ments will  appear  at  a  future  opportunity. 

We  may  now  see  the  reason  why  alum,  most  of  the  metals,     | 
and  some  other  substances,  which  are  formed  in  masses  desti- 
tute of  any  symmetric  appearance,  by  slow  solution,  &c.  present      I 
an  internal  crystallization,   as   has  been  fully   proved  oy  the     ' 
researches  of  Mr.  Daniel. 

ITt)  be  coatimied.) 
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Article:  H. 

» 

Explanation  of  an  Apparatus  y  suggested  bt/CoL  Yule  y  for  discharge 
ing  Ordnance,  upon  Mr,  Forcyth's  Plant  and  an  Account  of 
sopie  curious  Experiments  performed  y)ith  it,*.  By  Mr.  John 
Deuchar,  Lecturer  on  Chemistry  in  Edinburgh.  (With.a  Plate.) 

It  is  proposed^  in  the  present  paper,  .fir$t  to  expljun  an  appa? 
ratos  some  time  ago  suggested  by-.  Col.  Yule,  for  applying  Mr. 
Foreyth's  plan  to  0ie  discharge  of  ordnancie,  -without  eithe«  fjie 
use  of  a  light,  or  the  usual  prime ;  and  secondly,  to  give  a  veiyt 
brief  accQimt  of  several  experiments  which  I  have  perforoiect 
with  it.  :  .-         ..."    ...: 

(I.)  The  apparatus  has  first  to  be  noticed :  it  is  very  simple. 
It  consists  of  a  thick  brass  tube  (see  Plate  III),  fig.  I,  A  B, 
15  inches  long,  which. is  meant  to  represent  the  touchhole  of 
the  gun  ;  the  diameter  of  the  bore  of  this  tube,  fig.  6,  is  about 
the  18th  or  20th  part  of  an  inch ;  it  terminates  at  the  top.  A,  in 
a  cup,  fig.  3,  dy  at  the  bottom  of  which  the  bore  of  the  tube  is 
divided  into  three  very  small  holes,  fig.  4,  to  prevent  the  powder 
Ming  into  the  wider  tube  :  into  this  cup  abdut  one  grain  of  the 
new  composition,  afterwards  alluded  to,  is  put, .  when  the  appa- 
ratus is  to  be  used.     At  the  top  of  the  apparatus  is. a  bar  of 
brass,  C  D,  which  at  the  one  end,  D,  turns  upon  a  joint,,  and  at 
the  other,  C,  is  supplied  with  a  cap,  in  the  centre,  of  ^whioh  is  a 
steel  projection  or  hammer,  fig.  2,  e ;  the  cap  covers-  the  whole 
of  the  raised  part.  A,  at  the  top  of  the  tube,  A  B ;  ai?^  the.  ham- 
mer neaily  fits  the  cup,  fig.  3,  dy  and  is  made  to  strike  flat  upon 
the  bottom  of  it,  fig.  4,  d.    Between  the  joint  of  the  bar,  D,  and 
die  top  of  the  tube.  A,  is  placed  a  piece  of  cork,  I,  or  any  other 
elastic  substance,  to  prevent  the  steel  hammer,  e,  coming  too 
close  upon  the  composition  before  it  is  struck,  and  to  make  it 
spring  back  again  after  the  discharge.     The  apparatus  is  united 
at  the  top  by  a  frame  of  brass,  G  H,  which,  to  prevenl  its  being 
injured  by  the  firing,  is  screwed  upon  another,  frame  of  wood, 
E  F,     The  tube,  A  B,  screws  into  four  pieces  ;  and  it  was  into 
the  hollows  left,  a,  the  joinings  of  these,  a,'b^  and  c,  by  only  half 
screwing  them,  that  the  different  substances .  we  pat  which  are 
■oticeidm  the  experiments^. 

I 

Explanation  of  Plate. 

Vift.'  1^.  fepresents  the  whole  apparatus  on  a  scale  of  4-lOths  to 
linob.  . 
Fiti^.  '2,  gpyes.  a  section  of  the  cap,  C,  and  9teel  hammer,  tf 
'cE  '•ttfil^fl;  wpon  the.  powder  at  the  top  of  the  tube^  A^B. 
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Fig.  3,  gives  a  section  of  the  top,  A,  of  the  tube,  and  the  cupn 
d,  for  holding  the  powder. 

Fig.  4,  shows  the  bottom  of  the  cup,  which  screws  into  A, 
from  below,  as  shown  in  flg.  3 ;  the  hole  through  the  tube  from 
B  to  A  divides  into  the  three  smaller  openings.  , 

Fi^.  5,  shows  the  end  of  one  of  the  divisions  of  the  tube,  A  B, 
and  tne  size  of  the  screw  which  unites  them  at  a,  b,  and  c. 

Fig.  6,  shows  the  bore  of  the  tube  at  a,  b,  c,  and  B. 

Figures  2,  o,  4,  Jj,  and  6,  show  the  parts  of  the  apparatus  of 
the  full  size ;  and  for  fig.  1,  there  is  a  scale  given. 

I  may  mention  a  few  advantages  of  this  mode  of  firing  ord* 
nance  of  every  description.  These  are  extracted  from  a  com* 
munication  on  the  subject,  with  which  Col.  Yule  has  very  krnd^ 
favoured  me.    They  are  as  follows  :  < 

"  I.  The  instantaneous  inflammation  of  the  whole  of  the  pOTiP 
der  contained  iu  the  cartridge."  The  expansion  of  the  aeriforv 
fluids  produced  must  act  with  greater  force  than  in  the  <^ 
method  ;  of  course,  less  powder  will  be  required  for  any  propot 
result ;  and  as  none  of  the  charge  is  forced  out  uninflamed,  axA 
given  quantity  of  gunpowder  will  give  its  fullest  possil^ 
effect, 

"  2.  The  removal  of  all  danger  of  explosions  arising  from  thd| 
cartridges  and  loose  powder  coming  in  contact  with  lightedl 
matches,  in  the  gun-decks  of  men  of  war  in  time  of  action.*,' 
The  whole  process  is  performed  without  the  necessity  of  using  a):' 
match-light  of  any  description ;  nor  is  there  any  inflamed  sulMl 
stance  forced  from  the  touch-hole  during  the  discharge. 

"  3.  The  removal  (in  a  great  degree)  of  the  inconvenience 
arising  from  the  accumulation  of  smuke  in  the  gun-decks  of  men 
of  war,  or  in  batteries  in  time  of  action."  in  the  proposed 
method,  there  is  not  the  slightest  production  of  smoke  at  tba 
touch-hole;  and  as  neither  prime  nor  prime  tube  is  required,  ib 
is  also  free  from  any  risk  of  accident  by  the  discharge  of  thesBi^ 
and  this  at  sea  is  a  considerable  advantage.  _i 

"  4.  The  removal  of  all  inconvenience  arising  from  the  prinW 
ing  being  blown  away  by  high  winds,  or  washed  off  by  lieaTy^, 
rains,  or  the  shipping  of  a  sea."  The  cap  at  the  top  of  the  new ' 
apparatus  covers  the  touch-hoie,  and  prevents  any  of  these 
inconveniences  of  the  old  mode. 

"  5.  A  saving  of  the  whole  amount  at  present  apphed  to  the 
manufacture  or  purchase  of  quick-matches,  priming  tubes,  flints, 
and  various  other  articles  now  in  use,  both  in  the  navy  and  in 
the  field." 

Another  advantage  of  this  mode  deserves  particularly  to  be 
noticed ;  namely,  the  rapidity  with  which  the  whole  is  performed. 
This  facihtates  the  execution  of  a  charge,  by  the  effect  being 
almost  instantaneous  with  the  pointing  of  the  gun  ;  it  also  saves 
tbe  time  at  present  spent  in  applying  priming  tubes,  or  brains  of 
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powder ;  for  with  Col.  Yule's  apparatus,  the  time  that  is  required 
IS  very  trifling. 

(II.)  Having  now  stated  all  that  is  necessary  with  regard  to 
the  apparatus  itself,  it  remains  for  me,  in  the  concluding  part  of 
this  paper,  to  direct  the  attention  of  the  Society  to  several  expe- 
riments performed  with  it,  which  present  rather  extraordinary 
results. 

At  the  request  of  Colonel  Yule,  I  commenced,  about  the 
beginning  of  July  last,  a  number  of  experiments,  with  the  view 
of  discovering  a  powder  which  should  never  miss  inflaming  the 
cartridge  ;  and  I  was  fortunate  enough  to  hit  upon  one.     All 
\     the  usual  fulminating  pov/ders  were  first  tried  witnout  success ; 
\     the  fulminating  mercury,  when  the  fifth  part  of  a  grain  only  was 
[     used,  rent  asunder  the  steel  plate  at  the  top  (marked  d),  and  yet 
-     did  not  reach  as  far  as  the  gunpowder  placed  at  B.     Some  of 
the  antimonial  preparations  were  found  sometimes  to  fire  the 
gunpowder,  but  they  left  a  cake  of  crocus  behind,  which  stop- 
ped up  the  holes,  and  could  not  be  easily  removed. 

The  following  substances,  and  a  variety  of  other  inflammables, 
were  used,  mixed  with  an  equal  weight  of  superoxymuriate  of 
potassa : 

Golden  sulphuret  of  antimony.  White  lead. 

Black  sulphuret  of  antimony.  Litharge, 

Red  precipitate  of  mercury.  Orange  lead, 

Chinese  vermilion,  Flowers  of  zinc. 

Muriate  of  mercury.  Flowers  of  sulphur^ 

Red  oxide  of  mercury.  Rosin, 

Ethiop's  mineral.  Gum  arabic. 

Red  oxide  of  lead.  Gum  gamboge. 

None  of  these,  however,  produced  any  regular  efiect,  and 
several  of  them  gave  no  inflammation  at  all. 

I  shall  now  add  a  list  of  powders,  all  of  which  occasionally 
pierced  the  flannel  at  B,  and  inflamed  the  powder  below  it: 
very  few  of  them,  however,  did  so  twice  successively  : 

1.  Superoxymuriate  of  potassa 6'0 

Sublimed  sulphur 2*0 

Charcoal  powder 1*0 

This  and  No.  3  are  the  worst  on  the  list. 

2.  Superoxymuriate  of  potassa 12*0 

Flowers  of  sulphur 4*0 

Charcoal  powder 2*0 

Gum  arabic  powder I'O 

This  and  No.  9  are  fourth  best. 

3.  Superoxymuriate  of  potassa 18*0 

Flowers  of  sulphur p. ......  .*    3*0 

Qum  surabic «•••««••«%    V^ 


M  Mr.  Deathar's  Exjtlanation  of  [Fbi, 

4.  Superoxy muriate  of  potassa 4"5. 

Flowers  of  sulphur 1-5 

Charcoal  powder TS 

Nitre 2-5 

This  and  Nos.  5  and  S  are  the  third  best. 

6.  Superoxymuriate  of  potassa 4-0 

Flowers  of  sulphur I'O 

Charcoal  powder 10 

6.  Superoxymuriate  of  potassa I'O 

Suiphuret  of  antimony VO 

Hiia  and  No,  7  are  fifth  best,  but  they  leave  a  hard  cake  of 
crocus  of  antimony,  which  adheres  very  strongly  to  the  appar- 
ntus. 

7.  Saperosy muriate  of  potassa I'O 

Suiphuret  of  antimony I'O 

The  proportions  of  this  powder  were  taken  by  volume'. 

8.  Superoxymuriate  of  potassa 2-0 

Dried  charcoal  powder I'O 

9.  Superoxymuriate  of  potassa 1"0 

Dried  charcoal  powder 1"0 

10.  Superoxymuriate  of  potassa 3'0 

Dried  gunpowder 2-0 

This  is  the  best, 

11,  Superoxymuriate  of  potassa I'O 

Gunpowder,  in  fine  powder I'O 

This  is  the  second  best. 

After  numerous  trials  with  tliese,  their  comparative  regain 
in  producing  the  desired  effect  was  calculated  to  be  as  nearly  a 
possible,  as  has  been  noted  in  the  above  list.  But  1  found  thafc*« 
even  No.  10  was  not  so  uniform  as  was  necessary  for  Col.  Yiile'* 
object.  I  had  now,  however,  almost  doubled  of  success,  wheq 
it  occurred  to  me  to  try  the  composition,  which  has  since  been 
found  to  succeed  for  more  than  100  successive  times,  without 
leaving  any  residuum  to  stop  the  firing.  Of  the  composition  of 
this  powder,  and  some  cautions  necessary  to  be  attended  to  in 
its  preparation,  an  account  wiU.  be  given  in  a  future  paper. 

It  was  with  this  powder  that  I  performed  the  experiments, 
which  presented  those  striking  results  of  which  I  have  now  to 
give  a  brief  account. 

I  was  led  to  these  with  the  hope  of  elucidating  still  further 
than  1  had  previously  done  a  particular  view  of  caloric,  of  which 
1  have,  for  six  years  past,  given  an  account  in  my  chemical 
classes.  I  availed  myself  of  the  use  of  Col.  Yule's  apparatus  to 
commence  the  investigation,  and  1  am  still  occupied  with  it.   At 
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present,  therefore,  h  is  only  in  my  power  to  notice  a  few  of  the 
experiments  in  a  detached  form. 

The  firet  experiments  were  performed  by  firing  the  new  com- 
position, using  about  one  grain,  or  rather  less,  at  each  trial, 
through  a  piece  of  cartridge  flannel  tied  over  the  hole  at  the 
bottom,  B,  of  the  apparatus,  when  it  inflamed  ii  quantity  of  gun- 
powder fixed  in  a  tin  case  below  tJie  flannel.  This  was  repeated 
for  many  successive  times  without  cleaning  the  apparatus,  and 
the  flame  never  failed  to  pierce  the  flannel  and  fire  the  guo- 
powder. 

Should  this  succeed  as  regularly,  when  applied  to  the  gua 
itself,  there  could  remain  no  doubt  but  that  it  would  possess  all 
the  proposed  advantages.  There  was,  therelbre,  fixedtoasii- 
pounder,  an  apparatus  similar  to  the  one  already  described, 
except  that  it  wanted  the  long  tube,  A  B,  for  whicii  the  primits 
bole  of  the  gun  now  became  a  substitute.  It  was  charged  wiu 
cartridge,  and  in  several  of  the  trials  with  ball  and  cartridge,; 
and,  upon  the  same  experiments  being  repeated  with  it,  it  gave 
the  same  uniform  results. 

The  next  experiments  were  with  the  view  of  ascertaining  how 
the  results  stood  related  to  Sir  Humphry  Davy's  theory  regard- 
ing the  impervious  nature  of  wire  gauze  to  flame.  Wire  gauze, 
of  different  degrees  of  fineness,  was,  in  successive  trials,  put  in 
the  interior  of  the  joinings,  a,  b,  or  c,  of  the  tube,  so  as  to  cover 
the  hole  completely.  When  the  coarser  wire  gauze  was  em- 
ployed, the  flame  was  found  to  pass  through,  and  fire  the  gun- 
powder ;  but  the  same  result  never  took  place  with  wire  gauze  as 
fine  as  that  used  in  Sir  Humphry  Davy's  safety  lamp,  unless 
when  the  tlame  seemed  to  have  burst  a  passage  through  the 
gauze.  But  when  these  experiments  were  performed  without  , 
the  flannel  and  gunpowder  at  the  bottom,  B,  it  was  found  that 
the  flame  went  through  even  three  pieces  of  the  wire  gauze  at 
once. 

The  next  experiments,  and  probably  the  most  surprising  of  the 
vbole,  were  wi£h  gunpowder  placed  in  one  of  the  divisions, 
«,  b,  or  c,  of  the  apparatus.  In  some  of  the  trials,  I  found  thai 
^e  flame  had  passed  through  the  gunpowder  at  a,  b,  or  c,  with- 
out inflaming  it,  although  at  other  times  I  found  it  did  not 
do  so. 

This  at  first  appeared  to  be  an  objection  to  the  proposed 
apphcation  of  the  apparatus.  But,  after  repeated  trials,  1  found 
that  the  above  curious  result  only  took  place  when  the  stroke 
with  the  hammer  was  slight ;  for  when  a  smart  blow  was  given, 
inflammation  always  took  place. 

In  a  few  of  the  experiments,  I  put  gunpowder  at  two  divisions 
^aod  />),  and  found  that  the  flame  sometimes  went  through 
both,  without  firing  either  portion;  at  other  times  one  portiott 
was  inflamed,  and  one  left  unaltered. 

la  performing  these  experiments,  I  first  put  a  small  piece  of 
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"flannel  upon  the  hole  at  the  joining  of  the  tube,  and  upon  this  I 
poured  tne  gunpowder,  using  two,  three,  four,  and  sometimod 
five  grains  at  once.     After  each  trial,  I  found  a  scorched  brono-l 
ish  mark  in  the  centre  of  the  flannel  iibout  the  size  of  the  hole 
the  tube. 

A  variety  of  experiments  were  also  performed  with  flannelt 
paper,  and  other  substances,  placed  between  the  joinings  ;  in  d 
which  cases  it  was  found  that  the  flannel  had  been  forcM 
through,  generally  leaving  a  hole  in  the  substance  used ^  anda 
pale-coloured  flame  was  observed  to  dart  to  a  considerable '<ilisfc- 
ance  below  the  bottom  (B)  of  the  tube. 

In  a  future  paper,  I  hope  to  have  the  honour  of  laying  before 
the  Society  a  fuller  account  of  these  curious  experiments.  la 
that  paper  I  propose  to  enter  upon  the  cause  of  the  results  whicdi 
present  themselves  ;  and  more  particularly  to  attempt  an  explak 
nation  of  that  extraordinary  one  wherein  we  have  the  gunpowcbBfe" 
ing  apparently  inert  to  the  flame  which  passes  through  itl 
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Summary  of  the  Mngnetical  and  Meteorological  Observations, 
during  a  Period  of  Three  Years  and  Nine  Months.  By  C<il. 
Beaufoy,  F.R.S. 

(To  Dr.  Thomson.) 

MY  DEAR  SIK,  Bmhcn  Heath,  Slunmorc,  Jan.  I,  1881, 

In  the  Aimab  of  Philosophy  for  May,  1820,  you  did  me  die 
favour  of  publishing  a  table  containing  the  monthly  mean  varia- 
tion of  the  magnetic  needle  for  three  years ;  and  in  the  letter 
accompanying  it,  I  expressed  my  opinion  that  the  maximum  rf 
the  western  variation  at  this  place  occurred  in  the  month  of 
March,  1819.  With  the  view  of  demonstrating  that  this  concln- 
sion  had  not  been  precipitately  drawn,  I  continued  the  observa^ 
tions  to  the  end  of  last  year ;  and  as  the  corresponding  montbtf 
mean  variation  in  every  case  shows  a  diminution,  I  infer  that  tii« 
variation  has  been  retrogade  for  the  last  21  months. 

In  the  latter  part  of  the  protectorship,  the  iriie  and  the  mag- 
netic meridians  coincided.  If  24*^  4 1'  42",  the  greatest  variation 
be  divided  by  162  (the  number  of  years  since  that  period),  tlu 
quotient  9'  U9"  will  be  the  mean  annual  increase  ;  it  is  reasonable 
to  suppose,  therefore,  that  after  the  same  lapse  of  time  (from 
1819)  these  meridians  will  a^ain  coincide;  but  by  inspecting 
Table  il.  it  will  be  seen  that  tne  mean  annual  decrease  in  lieu  (» 
being  9'  09"  is  1'  57";  consequently,  an  acceleration  mustta^ 
place,  or  the  supposition  is  erroneous.  ; 

I  remain,  my  dear  Sir,  very  sincerely  yours, 

Mark  Beaufot. 
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TABLE  lll.~TaUi  eonlainh,g  the  Hftao  Monlhhj   Diurnal  Farialiai  ^  Ihe  JM 
nelic  Needle,  betveea  Moridng  and  Nam,  aud  Nvoh  and  Eaening,  fir   TtBM 

^          Teti  and  Nine  Mo„thi.                                                                                   ^M 

MonU.8. 

1817. 

Apil 

1817,1816 

IH18,  1819 

1819,  1680 

1819,  1880 

H-..^ 

Mora.. 
Noon.. 
E.eo.. 

lis'   51" 

1  8     45 

10'    «" 

8     14 

10-   33" 
8     10 

9'   31" 
8     31 

■irl 

M., 

Morn.. 

KOQD.. 

Even. , 

llO     15 

f  7     50 

9     31      I       8     40 

7      14     1       7      18 

9     96 
7     03 

9    88 
7     81 

J«.e     { 

Mom.. 
Noon.. 
Even. . 

111      05 

J  1     89 

11     !4 
7     31 

10     13 
6    3U 

9     96 

S    88 

10    S3 

e    4ft 

July     1 

Mom., 
Noon.. 
Evrn.. 

llO     89 

1  c  as 

10     35 
6     45 

9    41 
6    35 

10     19 

5    M 

10    38 
6    ig 

.,.{ 

Mom.. 

Noun.. 
Eren. 

111     35 

11      18 
a    08 

10     16 

8    95 

9    .^5 
6     46 

10    41 

8    06 

..{ 

Mora.. 
Norni.. 
Eveu. 

)dl    Si 
f  6    58 

10     63 

7     54 

9     06 
8     06 

9     13 

7     30 

9  an 

7     ST 

Oct      J 

Mom.. 
Noon.. 
Even.. 
Mora.. 

Noim.. 
Even., 

9    40 

"t  6    06 

7  59 

8  17 

6    41 
6    01 

8     ,?3 
5     15 

8     11 

6    85 

Dec.     i 

Mura.. 
*looQ.. 

1  3     59 

4     16 

3    51 

3     31 

3    54 

1818. 

1819. 

J4a.     1 

Morn.. 
Noon.. 
Even.. 
Mum., 
tfoon. 

}- 

4     12 

3    48 

z 

4    88 

F«b.     J 

J 

1    6    89 

5    38 

S    48 

= 

5    59 

Mwcbi 

Morn'.'. 
Noon.. 
Ev<fu., 

1   8     1» 

f  7     50 

8     94 
6     85 

8     AC, 
5    48 

- 

8    30 
6    41 

b 

fc 
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IBLE  TV^—Mimtltly  Mittorol^itta  Table  cmUititg  the  Mean  Helgki  ^  »e  flgimiMW , 
ThermomcUr,  and  UygroxuieT  (Oe  tac'Oi  "<  'Ae  -W""""  ?/"  **«  JWontiv,  ATiwii,  and  Comlm- 
Obtnatima  of  tht  Magnetic  JVeerffc.  Ako,  tktfrtvMimg  Wi»dt,  QuamM^  of  Rmm^Smtt 
raMM,  aitdtht  Mtm  Httt  of  tach  Mm^,  ly  a  ngular  Seri«i  of  OI>KTvitioH^  wiAatl^t 


Mbi, 

Bacum 

Barom 

Huron. 

fhet. 

i-bei. 

rUer. 

Hje 

lljg- 

Hjg- 

Wind 

a.,.. 

..- 

sn. 

liiche^ 

Indies 

Inchp* 

i^" 

Inch. 

nl 

^9-770 

89 '726 

29-769 

18-7° 

48-8° 

45-0= 

61 'S^ 

iS-S^^ 

NE 

»I 

aflsae 

*9'a6D 

29-886 

50-1 

57-4 

50-8 

58-9 

536 

SW 

89-410 

^9-488 

89-439 

61-1 

6S'3 

620 

60-8 

-18-7 

58-3 

sw 

Ij 

S9'3fl8 

i!9'6l£ 

29-S49 

58-T 

S5-S 

59-4 

64-3 

652 

B9-2 

SW 

69-S 

pt. 

i!9-310 

ie9-9S0 

29-388 

57-3 

630 

59-1 

66-9 

54'e 

57-1 

sw 

6A-9 

89  518 

89-582 

89-489 

56-4 

68-5 

580 

70-9 

54-7 

60-D 

NE 

S8-1 

39-541 

89-475 

43-0 

49'6 

65-4 

56-8 

NE 

«W 

sg'5i» 

29-501 

45-7 

518 

68-0 

NE 

«■! 

I." 

89-I30 

i9-18l 

— 

35-4 

38'0 

-- 

78  8 

86-0 

— 

SW 

— 

— 

3S-9 

118. 

JS'SST 

Z9-387 

_ 

3T6 

41-8 

_ 

75-1 

68-8 

_ 

SW 

_ 

_ 

37-9 

b. 

w-*ia 

29-SS6 

39'8 

37-3 

74-3' 

65-9 

34'» 

i9l51 

i9-\3!i 

29-497 

37-6 

43-6 

39-B 

57-8 

51-4 

SW 

2-330 

8570 

M'T 

nl 

811^41 

^-394 

89-328 

44-5 

49-9 

46-1 

69  9 

35-0 

NE 

3-750 

2-590 

4S-8 

9 

99-SttJ 

m-Ma 

99-483 

51*7 

59-0 

53-4 

68-8 

48-1 

47-1 

NE 

S'453 

3770 

S8-S 

89-597 

29-586 

29-eiO 

68-8 

71-5 

65-8 

43' 1 

38-7 

37-5 

SW 

0-33( 

6-960 

M-0 

89' 6^9 

29-681 

89-825 

65-8 

733 

43-8 

33-8 

37-7 

NW 

7-0I5-B7-I 

1- 

e9-sis 

M-eea 

99-811 

69'3 

66'8 

63-1 

41-3 

30-4 

S9'8 

NW 

7-0SOM;5 

29-346 

i9'32» 

i9  357 

54-9 

68-2 

58-1 

61-1 

446 

31-1 

SW 

3  180 

3-400  571 

£9-391 

SI'S 

S7-9 

70-4 

571 

SW 

1-384 

1-970' 5S-fl 

46-5 

5I'4 

77'7 

65'9 

SW 

9-412 

1-080  46-T 

c! 

e9-6ll 

29-607 

_ 

ss.. 

39-8 

~ 

79-5 

65-5 

— 

HE 

1-815  0-530  37-0 

19. 

89-670 

20  301 

36'8 

49-3 

^15 

83-5 

_ 

SW 

i-eo6|i'4oo'3S-a 

89-]  78 

^9' 166 

3H'8 

48'6 

78'8 

35-9 

NW 

8-828 

1430,38-H 

leh 

89 '386 

is-esa 

89-333 

4«-<l 

48-6 

46-3 

65'3' 

59-8 

ai-4 

KW 

l-IM 

8-6bo'4I-ll 

III 

29-332 

29-396 

49 '0 

58-7 

48'7 

3J-5 

40-6 

49-6 

SW 

8-468 

3-440, 48-6 

29-140 

iO-43S 

S9-48» 

54-S 

61-1 

55  6 

48-9 

37-3 

44-2 

SE 

3-063 

4-530,56-3 

99-462 

i9Ab-i 

89-456 

57-4 

62'8 

57 -S 

53-5 

44-6 

49-8 

SW 

1-950 

4-850  57-8 

7 

a9-aas 

J9-5S9 

99-556 

69-1 

68-7 

030 

57 '0 

44-9 

58-8 

NE 

1-514 

4-930  6*'4 

!!!9-599 

29-579 

89-565 

89-8 

70-9 

651 

"6  9 

18-6 

60-0 

NE 

S-590 

4-780  64-5 

?9-5Il 

£9-3  Itj 

9S-5I9 

5S-7 

69-9 

58-1 

79-8 

64-7 

67-5 

SW 

3-913 

3  560  57-9 

89-370 

i9-36'J 

47 '7 

53-1 

79-9 

68-9 

NW 

1-610 

8-880  49-1 

V9-JS3 

29-93S 

37-4 

48-0 

79-fl 

78-8 

NW 

1-761 

1-930  39-8 

=.' 

i!9-24S 

£9-888 

— 

38-4 

3fi'4 

— 

88  9 

75-7 

— 

SW    8-489 

0710  34-8 

M. 

39-372 

£9-408 

23-3 

33-1 

_ 

90-9 

7S-0 

-_- 

SW  ,  1-070 

0-360' 31  ■» 

i9>5l8 

i9-479 

30-4 

38-7 

88-9 

74-1 

NE    1-143 

0-765  35-6 

rcb 

^9- 4  OH 

29-439 

89-995 

37-6 

46-3 

83-8 

67-4 

NW   0->;46 

4170,  40-7 

il 

19-470 

«9'4T4 

9-517 

47-9 

55-6 

51-8 

67-5 

59-3 

63-3 

SWi  1-505  3  750,  49-5 

S9'3T3 

-£9-369 

29  339 

51-9 

58-8 

53'8 

fi6-4 

58-0 

m-i 

SW'?;-.183  4-970!6S*4 

£9  490 

*9-4S8 

39-393 

o7-I 

G3-4 

5S'3 

69-8  ■ 

33  8 

0I-5 

NW    l-724|  4-390  JlS-1 

j9'S19 

29'5S0 

£9 '4  38 

60-3 

65-7 

ro-5 

60-1 

67-5 

NW  JI-B36  3950  BO-1 

89-461 

29-4SS 

29-443 

59-3 

65-8 

60'1 

10-5 

598 

63-4 

SW  \  1-999  4-820  61-1 

•9-S5U 

20-543 

89-595 

53-8 

61-1 

58-3 

71-8 

57-0 

Bl-1 

S\\    i  8-983  3-400  55-a 

89-iOO 

£9-166 

45-6 

51-4 

71-8 

61-9 

NE  !8-5SB  9-500' 45'a 

89-311 

89-371 

39'7 

44-0 

im 

70-0 

NE  il-eS3  fl-Hj3|4l-S 

liMfll 

29-449 

— 

36-8 

39-8 

— 

76  9 

78-3 

— 

NF.  i  l-4fisl  1-133(38-8 

'^ew  Series,  roL,  r. 
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TABLE  v.— Animal  Mileomlogicol  Tabic  of  the  Mmn  Hcightsoflhe  Baro 


Vesi, 

Baroin. 

Baiom.  Baruiii. 

Ther. 

Thcr. 

Tlier. 

Hjg, 

Hjg- 

H.. 

Wind. 

RBin. 

Etop. 

18IB. 

leis. 
iBeo. 

Inches. 
i9'4D8 
W-389 
39-433 

Inches.  Inches. 
99-4!  1   89-483 
29-407  29-4fti 
»'496  29-434 

4B1° 
48-1 
45  7 

54-Se 
53-5 
51-8 

S6-3'' 
S63 
*5-3 

59eo 
68-4 
TS-O 

51 'SO 
55-8 
63-0 

44-6° 

63-5 
64-4 

sw 

sw 
sw 

InchcE 

36-415 

SU-460 

Inchu. 

35150 
34-36? 

TABLE  VL— Gene 


Vests. 

N. 

N.C. 

E. 

S.E. 

S. 

S.W. 

W. 

N.W. 

157 
216 
2(« 
108 

Calm. 

36 

7 

4  . 
16 

T 

1818. 

1819. 

isio. 

Mem 

19 
IS 
SO 

na 
808 
S15 
198 

61 
43 
•■(8 
4T 

119 

104 
U3 

98 
32 

37 

300 
S68 

285 
282 

75 
78 
77 
77 

3 

S 

All  tlie  Vioda  bctaeca  the  cardinal  points  arc  dcHcribed  as  N.E.  S.E.  S.M'.  and 
N.W.     The  number  of  observalionB  in  each  year  exceeded  S.iO,  bul  for  readily 
paring  the  rcsulta,  the  Table  is  calculated  for  lOUQ. 


Article  IV. 


1 


Oil  a  Method  of  applying  Maclaurin's  Theorei 

By  Mr.  James  Adams. 

(To  tlie  Editor  of  the  Aniiah  of  VhUosophy.) 

SIR,  StaiiehmiK,  vcar  Plymouth, Dec.  SO,  1820. 

CoNsiDEniNG  the  following  method  of  applying  Maclaurin'fl 
Theorem  (see  his  Fluxions,  vol.  ii.  p.  198)  as  an  improvement,  L 
will  thank  you  for  its  insertion  in  the  Annals  of  Philosophy. 
I  am,  Sir,  your  obhged  humble  servant, 

James  Adams, 

Probkm.—Giveu  m  =  A4-   (B:  +  Cz'  +  D:^  +  E3* 
F  z'  +  &c.) 

To  find  -7-,  -T-^,  -T-f,  &c.  supposing  d  z  constant. 


By  taking  the  successive  differentials  of  the  given  equations, 
ve  have 
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tt  =  A±  (Bz  +  C««+D»»  +  Ez*  +  Fz*+&c.)  =  A±/z 
-^=B±(2C3;  +  3D»«4-  4Ez^  +  6Fz*+&c.)  =  B± 

J^  =  2C±(2.3Dz  +  3.4Ez«  +  4.6Fz^  +8cc.)  = 

J^  =  2.  3D  ±  (2.3.4  Ez  +  3.4.5  Fz*  +  8«5.)  =  2.a 

J^=2.3.4E±(2.3.4.5Fz  +  3.4.5.6G2«+8cc.) 
=  2  .3  .4E  ±  (pz 

^  =  2.3.4.6F±(2'.3.4.5.6G;r  +  &c.)  ....  =2  • 

3  .  4  .  5  F  ±  <pi  «. 
&(r. 8cc. 

^i^evefZjfiZffii  z^fn^z,  f  z,^^  2;,8w5.  denote  diflPerent  fun<> 
tions  of  ;^. 

Example  1. — Let  it  be  required  to  develope  m  =  (a  +  z)*. 
tt  =  (a  +  J^)*  =  a*^  +/^  =  A  +/«  .-.  a*  =  A. 

~=^  m(a  +  zy'-'  ^maT"'  +fiZ=zB  +  f,z  .-.  wa"-"  =  B,> 


/„  «  .-.  m  (w— 1)  a*""*  =  2  C, 
&c. 

Then  by  writing  the  value  of  A,  B,  C,  &c.  in  the  problem, 

we  have  (a  +«)"*  =  a*  4-  w  fl"~*  x  4-  "*      7  o  ^* 

»i  (m  -  1)  (m  -  9)  o"-3    ,    ,    0,    * 


*  The  usual  method  of  findmg  the  values  of  A,  B,  C,  &c  is  to  suppose  the  variable 
quantitjr  in  the  given  equations  equal  to  nothing,  by  wMch  means  odier  equations  are 
obtained  which  determine  A,  B,  C,  &c  in  terms  of  the  given  function;  thus  in  the 
equation  u  =(a+2r)"*  =  A  +B;?  +  C2*+Ds3  +  &c  Suppose  ^  =  0,  then 
a»  =  A, 

_i5    =  wt(a  +  2)'"-»  =  B  +  2C^  +  3Ds' +  &C    Suppose ;r=0,  then m  a* ^»=^,. 

o  z 

----=  wi(m— IXa  +  s)™-"  =2  C  +  2  .  3  D;::  +  &c   Suppose  5f=05  then m  (m—1) 
a  z* 

a"*~~^  =  2  C  the  same  as  before.     This  latter  method  is  evidently  as  simple  in  its 
application  as  the  preceding,  but  it  does  not  appear  to  me  to  be  so  evident,  particularly 

Id  b^inners.     If  Obe  written  for  ;?  in  the  equation  u  —A  +  B  z  +  Cz^  +1)^  +  &c. 

d  u   d^  u  d^  u 
we  should  have  »  =  A,  a  given  quantity,  therefore  7—,  -; — r,  - — ;,  &c.  will  be  respec- 


d  z  d  a«'  d  «»' 


lively  equal  to  nothing. 


o2 


] 
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Sample  2.^Let  it  be  required  to  develope  u  =  — 
a  ='-!-^  =(«  +  «)-'  =  «-•+/«  =  A  +/Z 
i^  =  -  («  +  »)-=  -  «-  +/,  «  =  B  +/,  »i  .-.B  =  -  L, 
Si  =2(0  +  !)-■=  2  <.-■  +/„=!=  2C+/„«.-.C  =  I 
|li=  -2.3(0+  .-)-  =  -2.3o-'+/,„«  =  2.3D  + 

&c 

Therefore,  by  writing  tlie  values  of  A,  B,  C,  file,  in  the  pro- 
blem, we  have = ■"''^"S"''  ^' 

Example  3 To  find  the  log.  (o  +  »)  in  a  series,  log.  of  base 

amity. 

ti    =na  +  z)  =l(l  +   '-)a=l{l   +'-)  +  la  =  U  + 

|f  =  r^  =  l+/,-  =  B+/,=..-.^=B, 

J^  =  -  (o  +  7)-=  -  0-  +  /„  s;  =  3C  +/„  I  .-.  -1 

=  2C, 
f^  =  2  (a  +  .)-'  =  2  o-  +  /„.  ;.  =  2  .  3  D  +  /„,  .  .-.1 

=  3D, 


By  substituting  for  A,  B,  C ,  file,  we  have 

log.  (o  +  >)  =  / .  o  +  i  -  ^  +  JL  -  i  +  &c. 

Example  4. — To  find  the  log.  (a  —  x)  in  a  series,  log.  of  base 
being  unity. 

«  =(("-^>=  /(i  -yo  =  (.o+/=,  =  A  +  /^.-. 
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By  substituting  for  A,  B,  C,  &c.  we  have 

Eaoamph  5. — Expand  into  a  series  the  log.  (--^)  log;  of  base 
unity. 

1^ 

8fc ^.^ 

Hence,  and  by  substitution,  we  have 

Example  6. — Expand  into  a  series  the  log.  [  —  )i  log.of  base 
unity. 

^  t=-i- =  -+/,  ».=  B +/,«.♦.  B  =  i, 

S  =  (d^.  =  ?+/"*  =  2C+/;.«.vC=5ij.,. 

5^  =  or^  =  I +/«■'*  =  2  .3  D +/,„«••.  D  =  5^^ 

&c 

Hence,  and  by  substituting  in  the  problem,  we  have 

Example  7.— Expand  into  a  series  a%  log.  of  base  unity^ 
u    =  a*  =  {1  +  (a  -  1)}'  =  1  +  /a;  =r  A  +fx  .\  A  =»  !> 

^  =  Za{l  +(a-l)}*  =.  /a+/x  =  B  -^f.x/.B  =  /.a, 
J^  =  (K  ^y  {1  +■  (a  -  1)}'  =.  (/  .  a)«  +  /„  r  =  2  C  +  /,  «. 

J^  =  (/.  ay  {I  +  (a  -  1)}«  -:  (/.a)s  +/„,x  =r  2,3  0  + 
f     X  •  D-^ii^' 


Pe.:P 
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By  substituting  for  A,  B,  C,  &c.  we  have 

«  =  ^  +  -i—  +  —rr-  +  t:^^  +  rraTT"*  +  ^''■ 

Example  8. — Expand  into  a  series  the  log.  ^^-i-^^Iog.ofbase 
unity, 
w     =  i{l^)  =  /.  1  +/^=  0+/j.=A+/:r.-.  A  =  0, 

?7>  =  (i^  =  0 +/■  ^  =  2C +/„  ^  •■.  C  =  0. 

^^  =  i;&.+  fS^  =  -t -^  A.- 2-3i>-^ /..-■!> 


4l  J* 

E  =  0, 

+  (.■-) 

= 

0  +  A 

" 

= 

2 

3 

4E+/„ 

X  ■". 

48  a 
Sal' 

+  f,x^ 

4M 

+  /v,.. 

^ 

2 

.3 

.  4 

■5F+/,, 

z  -■ 

By  substituting  for  A,  B,  C,  8ic.  we  have 

By  adding  the  series  in  Example  3  to  the  series  in  Example  6. 
or  subtracting  the  series  in  Example  4,  from  the  series  in  Ex- 
ample 3,  we  have  the  same  result  as  above,  which  is  evident 
from  the  nature  of  logarithms. 

Example  9. — It  is  required  to  expand  into  a  scries  the  expres- 
sion f^_f-. 

w    =^^Z^  =  a—  +fj:  =  A  +/x  .■.A=  a^-', 

7T  =  5^  +  /'  ^  =  "■"'  +f^  ..  =  B  +/  :r .-.  B  =  «-', 


^  +/,  a-  =  2  .  3  a—  +/,:t-  =  2  .  3  D  +/. 


By  substituting  for  A,  B,  C,  we  have 
^£^  =  fl""'  +  a'~'x  +  a"-*!*  +  a'~*2^  +  &c.  Or, 
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^     Lemma. — ^To  find  the  sines,  cosines,  tangents,  8cc.  o£  circular 
arcs  in  functions  of  the. arcs,  radius  beins  unity. 
Given  sin.  z  =  function  of  2  ^fz,  Aen  will 


1 

T 


COS.  »  =:  (1   —  sin.*  2;)     as   1   — ^^  z, 

.  Mil.     S  /  J  /. 

tan.  ^  = =1  T-^^ —  =  T,t  Zm 

cot.  z  = = , 

tan.  %        /„  z' 

sec.  Z  =5  =  T -—  =  1  +/ni  «, 

COS.   g  I   —  /l  *  ^  1 1 »       7 

1  1 

cosec.  z  = 


8io.  s        /«' 

Example  10. — ^To  find  the  sine  of  an  arc  in  terms  of  the  arc, 
radius  unity. 

u    =  sin.  2j  =  0  +/%  =  A+  B«  +  Cz*  +  D«'  +  &c.  ss 
A  +fz.'.A  =0. 

j^  =  cos.  25=  1   — /,  «  =  B  — y^  «  .*.  B  a   1, 

^  =  -  sin.  z  =  -  (0  +/„  «)  =  2  C  +/„  z  .-.  2  C  =  -  0^ 

fl  =  -  cos.  ;i;  =  -  (1  -/,„  «)  =  2  .  3  D  -/„,  «  .-.  2  .  3- 

D=  -1, 

&c ^ 

By  substituting  for  A,  B,  C,  8cc.  we  have 

Example  11. — ^To  find  the  cosine  of  an  arc  in  terms  of  the  arc^ 
radius  unity. 

U     =  cos.  Z=i:  I  ^fz  =A  —  (B»4'C««+D2^  +  &c.) 

=  A  — /«  .-.  A  =  1, 


d  u 


^  =:  -  sin. «  =  -  (0  +/i  X)  =  B  +/  « .-.  B  =  -  0, 


f^=  -COS.  2;=  -(1  -/„ii!)  =  2C-/„a:.-.2C=-l, 
j^  =  8in.!i  =  0  +/,„«  =  2. 3D  +/„,  x.-.  2.3  D  =  0, 
^  =  COS.  «  =l-/,a;  =  2.3.4E  -/,  a;  .-.2  .3  .4E=  1, 

&c 

By  substituting  for  A,  B,  C,  8cc.  we  have 

Example  12.— -To  find  the  tangent  of  an  arc  in  terms  of  th« 
arc,  radbus  unity. 


^^^^^p 

^ 

^^BP 

Mr.  ^(/flmsOH                             [F»». 

u.  3».taii.  a=  (  = 

=  0  +/«  =  A+fz.:A  =0, 

lf=,+,.  =  l 

+  /,  ^=B +/,;<. •.B=l, 

f^=2'  +  2,. 

=  0+/„»  =  2C  +/„».-.C=  0, 

_       a 

6  I<  =  2  +  /,  ,  «  =  2  .  3  D  +/,,,  J  .-,  D 

~    1.3.3' 

f^  ^  16  i  +  40 

'  -r  2it'  =()  +  />  =  2  .3  .4E  +/,».-. 

E  ^0, 

1 

~  =  16  +  136 

^-  +  240  /'  +  120  ;<'  =  16  +  /:  a  =  2  .  3  .     ; 

4.5F+/,a 

■  F              '" 

l.^.3.4.&' 

gcc 

From  whence,  a 

ntl  by  substituting  in  the  problem,  we  haw- 

..,..  =  . +  f^ 

1             '*"■*             1    *'C 

.s  +  1 .  H .  .s .  4  .  r.  +  '*^- 

Example  13.— To  find  the  secant  of  an  arc  in  tema  of  the  ar^    | 

radius  unity. 

w    =  sec.  z  =  1 

+  /=;=A+/«.-.A=  1, 

^='  +  ^i 

+  i  +  8cc.  =  0+/,«=  B+/,2.-.B=9,     1 

f^  =  >+¥  + 

4'-5i'±&c.=  l+/„.  =  2C+/.,» 

.■.c  =  l. 

< 

,1^                       17J. 

+  ~  ±  &c.  =  0  +/,.,  K  =  2  .  3  D  +/„,     ' 

«  .-.  D  =  0, 

?^  =  '^+^'  + 

??|i:  +  &e.  =  5+/..  =  2.3.4E+^    , 

j:  .-.  E  =  j-^ 

(1 
.4' 

fr"  =  61  1  +  ?^ 

-!;  +  ?i!-2  + 8cc.  =  0 +y;»  =  2.3.4.5  1 

F  +  /.^.-.F 

..'1 

^^„^5|i 

+  &0.  =  61  +j;a  =  2.3.4.5.6G+    i 

/.  =  .-.  G  =  - 

6t 

&c 

...  '1 

Hence  we  have 

--i  +  i^  +  rrl^  +  ni^:^' 

+  &C. 

■l' 

^^ 
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The  studbat  must  understand  that  the  devdopement  of  a  func- 
tion by  the  preceedin^  madiod  is  not  always  the  most  conve- 
nieut ;  for  instance^  Examples  12  and  13  may  be  answered  in  a 
more  simple  and  general  manner  by  note  N  (with  some  slight 

alteration  in  the  symbols),  taken  from  the  translation  of  Lacroix* 

Differential  and  Integral  Calculus. 

*'  **  jr»  jrf        . 

3f-—  '  ■>  4>   ■  —  —  ■  •  4.         I  ■  + — qEc» 

T^     .  .       .  sin.  X  1.2.3       1...5       1...7       r...9 

rer  tngi  tan*  x  ^  — -  =; -; -; -2 -^ 

"1.2^  rTTlt  ""  17775  "^  rrTi""*^' 
radius  unity. 

By  writing  a  =  jij,  6  =  ,--i-^,  ^  =  j^,  d  =  -j;|^  «  « 
- — -,  y  =  - — -r,  &c.  the  above  equation  becomes  tan.  x  a 

1  •  •  .O  1  ...  1 

x  —  bx^  +  dx^  — /x?  +  A  J*  —  &c. 


■T 


1  —  a  **  +  c  «♦  —  e  x'  +  1^  *•  —  &c.' 

Now  from  a  little  attention  to  these  equations,  it  will  appear 
that  tan.  x  may  be  represented  by  the  series  Aa:4-Bj:'+Ca;* 

+  Dx'  +  Exfl  +  &C; 
that  is,  ^-^'\^^^^-f^^^^-^^  =  A^+  B^  +  C^ 

+  D  a;7  +  E  j<>  +  &c. 

From  whence  we  get 

rA  a: 
(B— A  fl)  :r^ 
(C-Bc  +  Ac)x» 


j-ix'+rfx*— /a;'+ Ax®— &c.=  <« 


(D-Ca  +  Bc-A  6)vjr^ 
(E-Da  +  Cc-Be+Ag)a:* 
8Cc 


Then  by  equating  the  coefficients  of  the  corresponding  powers 
ofx  on  each  side  of  the  last  equation^  we  have 

A  =  l, 
B'=Aa-C=      * 


1.8.S' 

C  =  Ba-Ac+d  =  r^, 

D  =  Ca-Bc  + Ac-/  =  T^, 

E  =  Da  —  Cc  +  Be  -Ag  +  A  =  j— g> 

&C :• 

The  law  of  continuation  l^ng  evident,  we,  therefore,  hftve 
Ian.  X  =  :r  +  -^^  +  iL£  +  ?!i±!  +  15!Lf!  4^  8tc . 

The  same  method  may  l^  applied,  to  the  devobpement  oC  tlie 

cot,  X*  '     ' 


-  (A  X  +  B  a:^  4  C  j;^  +  D  a:'  +  E  j-»  +  Sec),  radius  unity. 
From  whence  we  obtain 

I  (-B  +  AS  +  rf).!' 
-ai-'  +  c,r'-ei"+gJ^-&e.  =<(  (-C  +  B6— Ad— /)i' 

I  (-D  +  C6-B<i  +  A/+J)i' 
L&c 


d 


Then  by  equating  the  homologous  terms,  we  have 
A  =  (o  -  4)  =  i, 

B  =  +  A  S  -  (£  -  d)  =  -i, 

C=-Ad  +  BS+(e  -/)  =  A, 

D  =  +  A/  -  B  d  +  C  6  -  (g  -  4)  =  ;j^j, 

So ■ 

Where  the  law  of  continuation  is  evident,  we  therefore,  hav* 
cot.x=l-g  +  fi +  i5  +  j4  +iko.)  "J 

lo  like  manner  we  may  develope  the  sec.  x.  i 


Bar^  +  Car^  +  Dx"-)-  &,c.  radius  unity;  from  which  equation 

we  obtain  the  following,  viz. 

r(A  -  a)  X' 
|(B-  A«+  r).,' 
.  0  =  ^(C-Ba  +  A.r-e).^' 

I  (D  -  C«  +  Be  -  Ae  +g)i« 


Then  by  making  the  coefficients  of  x\  .r*,  .1°,  a*,  &c.  respect- 
ively equal  to  nothing,  we  shall  have 

A  =  .  =  i, 

B  =  A«-c  =  l-, 

C=-A.  +  B«-e  =  ^„, 

D  =  Ae-Bc  +  C«-ff=|Il, 

8to 

The  law  of  continuation  being  evident,  therefore, 
wee.  X  ^1  +  —  -i + ■  4-  +  &c. 
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We  may  firom  the  same  principle  find  the  cosec.  x  in  terms  of 
tBe  arc  x,  radius  unity. 

cosec.  X  =  -: = ^  ,     .  . — -rr:     .  ^    ,     =  -  +  A  x  + 

B  X^  +  C  X*  +  &C. 

From  whence  we  get 

r(A  -  b)  x'' 
(B-  A6  +  d)x* 
0  =  <i(C-B6  +  Ad-/)x« 

I  (D  -  C6  +  Bd  -  A/+ A)x« 
*  L&c 

Then  by  making  the  coefficients  of  x^,  jc*,  x®,  x",  &c.  respect* 
ively  equal  to  zero,  we  have 


I 


C=  Bft  -  Ad+/=    ^* 


15120' 

127 


&c 

The  law  of  continuation  being  evident,  therefore, 

I     .    jr    .    7  «3    ,    SI    *»         127  4»     ,    « 

cosec.  :r  =  ^  +  ^  +  ^+y^  +  604800  +  ^• 


Article  V. 

On  the  Solution  and  Crystallization  of  Lime.     By  R.  Phillips, 

FRSE.FLS.8w5. 

Mr.  Dalton,  in  his  "  New  System^of  Chemical  Philoso- 
phy," has  stated  the  curious  fact  that  lime  is  more  soluble  in  cold 
water  than  in  hot,  and  has  given  the  following  table  to  show  the 
difference  which  exists  in  water  of  various  temperatures. 

One  part  of  water  of               Takes  up  of  lime.     Takes  up  of  dry  hydrate  of  lioMk 
"P     TTT      •  •  •  •    TTT 

130      Tpfg-       y^T 

'^'"^   "nrrrr irrs" 

'*  This  table,"  he  observes,  *'  leads  us  to  conclude  that  water 
at  the  freezing  temperature  would  take  nearly  twice  the  quantity 
of  lime  that  water  at  the  boiUng  temperature  takes." 

Mr.  Dalton  has  not  attempted  to  account  for  the  curious  fact 
irbich  be  has  discovered.    Mr.  Brande  \xa^  i\ol  ta«a>i<^XL^^Scb3k 
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circumstance  in  his  Manual  of  Chemistry,  nor  does  Dr.  Thomsoa 
or  Dr.  Heury  attempt  to  explain  the  fact  in  their  respectiv* 
works,  although  they  have  given  the  results  of  Mr.  Dalton'g 
experiments.  Dr.  M«rray,  in  the  last  edition  of  his  System  of 
Chemistry,  observes,  "this  circumstance  is  extremely  singular; 
augmented  solubility  from  cold  is  contrary  to  all  analogy,  as  well 
as  to  the  principle  on  which  the  relation  of  temperature  to  solu- 
tion depends." 

With  the  intention  of  determining  the  comparative  solubility 
of  lime  in  water  of  different  temperatures,  and  if  possible  also  to 
discover  the  cause  of  the  difference,  I  prepared  some  lime- 
water  at  the  temperature  of  the  atmosphere,  which  was  then  about 
60°  of  Fahrenheit.  A  wine  pint  which  had  been  filtered  with  as 
little  exposure  to  the  atmosphere  as  possible  was  decomposed 
by  adding  solution  of  carbonate  of  ammonia.  The  solution  was 
examined  with  oxalic  acid,  and  it  appeared  that  the  whole  of  the 
iime  was  precipitated  by  the  carbonic  acid  of  the  carbonate  <^ 
ammonia.  The  precipitated  carbonate  of  lime  being  washed 
and  dried  weighed  17'3  grs.  equivalent,  according  to  Dr.  Wol^' , 
laston,  to  9'7  grs.  of  lime  ;  and  as  a  pint  of  lime-water  weighs 
about  7300  grs.  it  follows  that  water  at  60°  dissolves  about  ^jr 
of  its  weight,  agreeing  pretty  nearly  with  Mr.  Dalton's  state- 
ment, and  still  more  so  with  Dr.  Thomson's,  who  finds  tfati 
"  758  grs.  of  cold  water  dissolve  one  of  lime," 

I  next  boiled  some  hydrate  of  lime  in  water,  and  filtered  it 
with  as  little  exposure  to  the  air,  and  as  rapidly  as  possible.  K 
pint  of  this  decomposed,  as  in  the  former  case,  by  carbonate  of  ^1 
ammonia,  gave  lOo  grs.  of  carbonate  of  lime,  equal,  according  to 
the  scale,  to  5-9  grs.  of  lime.  Boiling  water,  therefore,  as  appears 
by  this,  dissolves  only  xvW  "^  '*^  weight  of  Ume,  I  repeated 
this  experiment,  taking  exactly  10,000  grs.  of  the  lime  water» 
the  curbonate  of  lime  weighed  14  grs.  =  7-8  of  lime  ;  so  that 
the  hot  water  had  taken  up  -pr'^o-  of  its  weight,  agreeing  ve^ 
closely  with  the  former  experiment,  and  as  nearly  with  Mr.  DaC- 
ton's  as  1280  to  1270. 

Some  lime  water  was  now  prepared  by  putting  hydrate  into  ^ 
water,  a  very  little  above  the  temperature  of  32^.  This  being 
filtered  with  the  usual  precaution,  10,000  grs.  were  decomposea  i 
in  the  manner  already  stated,  and  27  grs.  of  carbonate  of  liuMi 
were  obtained,  confirming  very  nearly  Mr.  Dalton's  opinion  that 
water  at  32°  would  dissolve  twice  as  much  lime  as  water  at  212''t 
27  grs.  of  carbonate  of  lime  are  equivalent  to  15-2  of  lime,  and 
consequently  water  at  near  32°  dissolves  ^rrr  ^^  i**  weight  of 
iime  :  to  be  exactly  double,  it  should  be  ^^. 

Having,  by  these  experiments,  satisfied  myself  of  the  correct- 
aesH  of  the  facts  stated  by  Mr.  Dalton,  I  proceeded  to  inquire 
into  their  cause.  With  this  intention,  I  prepared  some  lima 
water  at  a  little  above  32°  of  Fahrenheit,  and  heated  to  ebullition 
4ff  otmcea  in  a  Bask.,  from  wbi  ch  a  Vong  lubft  vaau^d  to  i^reveot 


1821.]  Solution  and  CtystaUixation  of  Lime.  109 

the  access  of  carbonic  acid  from  the  atmosphere.  In  a  very 
short  time,  shiall  white  particles  were  depositea  in  the  lime  water, 
and  after  about  two  ounces  of  the  water  had  been  evaporated,  I 
discontinued  the  ebulUtion,  and  cooled  the  lime  water  secured 
from  atmospheric  air. 

On  examining  the  particles  which  had  been  deposited,  it  was 
evident  that  they  were  crystalline,  although  the  smallness  pre- 
?ented  the  determination  of  their  form ;  they  had  nevertheless 
tbe  usual  briUiancy  of  saUne  crystals. 

To  determine  wnat  quantity  of  lime  had  been  deposited  by  crys- 
tallizing, and  what  proportion  it  bore  to  the  evaporation,  I  decom^ 
posed  a  pint  of  the  lime  water  in  the  mode  already  described  by 
carbonate  of  ammonia,  the  carbonate  of  lime  precipitated  was 
dried,  and  weighed  8*6  grs.  =  4*85  grs.  of  lime.  It  is,  there- 
fore, evident  that  the  action  of  the  heat  had  caused  the  crystalli- 
zation of  the  lime,  and  had  effected  it  in  a  much  greater  degree 
than  could  be  accounted  for  by  the  evaporation  which  occurred. 
The  lime  water  before  evaporation  contained  ^^'  of  its  weight 
of  lime  ;  after  l-13th  had  been  evaporated,  the  quantity  of  lime 
was  reduced  to  ttV?  9  ^^  ^^^^  more  than  one  han  of  the  lime  was 
crystallized  by  evaporating  l-13th  of  the  solution. 

The  cause  of  this  crystallization  appears  to  me  to  result  from 
the  effect  which  heat  sometimes  produces  of  increasing  instead 
of  diminishing  the  attraction  of  cohesion.  The  affinities  which 
arfe  brought  into  play  are,  the  attraction  of  aggregation  of 
the  particles  of  the  lime  for  each  other,  the  attraction  of  the 
iime  to  form  a  hydrate  with  a  small  portion  of  water,  and  the 
mutual  affinity  existing  between  that  hydrate  and  water  of 
solution. 

Among  the  cases  which  may  be  cited  as  proving  the  aggre- 

fating  power  of  heat  is  this  :  If  some  peracetate  of  iron  be 
ecomposed  by  ammonia,  the  oxide  is  quickly  redissolved  by 
acetic  acid  ;  but  if  the  oxide  of  iron  be  boiled  in  the  solution 
from  which  it  is  precipitated,  the  acetic  acid  is  incapable  of  dis- 
solving it,  on  account  of  the  cohesion  which  the  oxide  of  iron 
has  suffered  by  heating. 

As  crystallization  is  but  a  modification  of  cohesive  affinity,  we 
may,  I  think,  consider,  that  the  cohesive  or  crystalline  affinity 
excited  by  the  heat,  increased  by  the  affinity  of  the  lime 
for  a  definite  portion  of  water,  is  so  much  greater  than  the  affi- 
nity of  the  hydrate  of  lime  for  the  water  of  solution  as  to  occa- 
sion crystallization.  If  the  quantity  of  lime  crystallized  was  in 
any  degree  proportional  to  that  of  the  water  evaporated,  there 
would  be  no  occasion  to  suppose  the  existence  of  the  cause  I 
have  mentioned. 

Mr.  Dalton,  instead  of  merely  heating  lime  water,  which  had 
been  prepared  at  a  lower  temperature,  boiled  it  again  with  hydrate 
of  Ume  ;  it  is  evident,  therefore,  that  the  crystallization  which  he 
would  otherwise  have  observed  could  not  be  aAA«icedi  lo  ^q.c.q«»^. 
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for  the  curious  discovery  which  he  had  made.  Although  I  was  _ 
of  the  crystalhzation  of  lime  whicli  M.  Gay-Lussac  had  effect.^ 
by  the  agency  of  sulphuric  acid  and  a  vacuum  ;  and  after  I  had, 
looked  in  vain  to  the  authors  whom  I  have  quoted,  in  order  to 
discover  whether  they  were  aware  of  the  ciy stall izati on  of  lime 
which  takes  place  by  heating,  I  found  that  M.  Thenaid  bad 
stated  the  fact  in  his  Traite  de  Chimie ;  however  as  he  has 
not  given  any  account  of  the  extent  to  which  it  takes  place, 
nor  apphed  it  toexplain  the  greater  solubility  of  lime  in  cold  water, 
I  have  thought  the  details  now  given  not  altogether  devoid  ~ 
interest. 


On    the   Sicarlioiiatr.  of    Aiifmoiiia.      Ev     Richard     PhilJips, 
FRSE.  FLS.  &c.  " 

In  the  seventh  volume  of  the  Journal  of  Literature,  Science, 
and  the  Arts,  I  have  given  an  analysis  of  the  salt  usually  called 
Bubcarbonate  of  ammonia.  I  traced  also  the  nature  of  the 
decomposition  by  which  muriate  of  ammonia  is  converted  by 
the  action  of  carbonate  of  lime,  first  into  sesquicarbonate,  ana 
eventually  into  bicarbonate  of  ammonia.  This  last  salt  I  had 
not  at  that  time  seen  produced,  except  by  exposing  sesquicar- 
bonate  of  ammonia  to  the  atmosphere.  During  the  last  summer, 
however.  Dr.  Henry  gave  me  some  salt  which  had  been  prepared 
with  the  intention  of  producing  the  common  smelling  salts. 
From  some  cause  which  has  not  been  explained,  the  salt  instead 
of  being  pungent  had  scarcely  any  smell  whatever,  and  was  oa 
tliis  account  rejected,  by  those  to  whom  it  was  sent.  This  sail " 
is  more  crystalline  in  its  texture  than  the  sesquicarbonate  of 
ammonia :  it  does  not  become  opaque  by  keeping ;  and  turmeric 
paper  held  over  it  is  scarcely  affected  by  it  even  when  fresh 
broken. 

Dr.  Henry  informed  me  that  he  had  found  this  salt  to  he 
bicarhonutc,  but  not  having  given  me  the  particulars  of  his  ana- 
lysis, I  venture  to  state  the  results  of  my  own  experiments. 

One  hundred  and  twenty  parts  of  the  salt  were  dissolved  in 
dilute  sulphuric  acid,  the  weight  of  the  vial  and  acid  being  pre- 
viously noted.  The  quantity  of  carbonic  acid  evolved  amounted 
to  66-6  parts,  equivalent  to  565  per  cent.  An  equal  quantity 
of  the  same  salt  was  dissolved  in  water,  and  added  to  a  neutral 
solution  of  nitrate  of  lime,  taking  care  that  the  latter  salt  was 
excess.  Effervescence  readily  occnrred,  and  by  the  apphcation 
of  a  gentle  heat,  carbonate  of  lime  was  precipitated :  tnis  after 
being  washed,  was  dried,  and  weighed  74'4  =  62  per  cent. 
Byi>T.  WoUaston's  scale,  it  will  be  seen  that  62  of  caihonette 
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of  lime  are  equivalent  to  21*  16  of  ammonia.    One  hundred  part» 
^t    of  this  salt  consist^  therefore^  of 

fir 

Carbonic  acid 55*5 

Ammonia 21*16  leaving  for 

Water 23-34 


100-00 


The  exact  composition  and  atomic  constitution  are  as  follow, 
and  perfectly  similar  to  the  salt  obtained  by  exposing  what  ia 
usuaUy  termed  subcarbonate  (but  correctly  sesquicarbonate)  of 
ammonia  to  the  air.        ^ 

Two  atoms  of  carbonic  acid 55-08   55-5 

One  atom  of  ammonia 21-5     21-7 

Two  atoms  of  water 22-64  22-8 


99-22  100-0 


Article  VII. 

On  Rain-Guages.     By  Mr,  Richard  Davenport. 
(To  the  Editor  of  the  Annals  of  Philosophy.) 

SIR,  Jan.  10,  1821. 

I  PERCEIVE  in  your  last  number  another  letter  added  to  the 
many  that  have  appeared  on  the  subject  of  the  different  indica- 
tions of  similar  rain-guages  differently  situated.  It  is  rather 
surprising  that  the  writer  should  not  before  have  met  with  the 
observation  that  a  greater  quantity  of  rain  falls  on  a  given  area 
on  the  surface  of  the  ground  than  on  an  equal  area  at  a  consi- 
derable height  above  it ;  it  being  noticed  and  accounted  for  in 
elementary  books  and  lectures  on  meteorology  generally. 

It  is  more  surprising  that  disputes  should  have  arisen  and 
have  been  carriea  on  from  time  to  time  in  a  scientific  publica- 
tion, whether,  on  a  given  area,  an  equal  or  a  smaller  quantity  of 
rain  drops  would  be  received  if  falling  obliquely,  than  when  fall- 
ing perpendicularly,  c/E^m5jpr/r/6tt5;  it  being  a  subject  of  easy 
demonstration,  and  probably  by  the  greater  part  of  your  readers 
perceived  to  be  so,  although  some  of  the  disputants  seem  to 
continue  in  their  first  error. 

There  is,  however,  a  cause  of  the  different  indications  of  simi- 
lar rainrguages  under  the  circumstances  that  have  led  to  the 
discussion,  which  I  have  not  seen  any  where  noticed,  and  it  is 
for  this  reason  I  trouble  you  with  this  letter. 

If  we  suppose  rain  drops  to  proceed  at  uuifotia  td^Xxs^  i\^- 
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ices  from  each  other  out  of  a  cloud  of  given  magnituc 
extending  horizontally  over  a  certain  area  of  land,  whether  tbose 
rain-drops  fall  perpendicularly,  or  proceed  with  a  motion  derived 
from  a  projectile  force  received  in  the  upper  regions,  the  lines 
described  in  their  fall  will  be  parallel  to  each  other,  and  the 
space  they  fall  on  on  the  surface  of  the  earth  will  be  in  either 
case  equal  to  the  area  of  the  cloud :  iii  one  case,  immediately 
under  the  cloud  ;  in  the  other,  at  some  distance  from  it.  In 
either  case,  similar  rain-guages  would  receive  equal  quantities 
with  each  other-  This  cannot  admit  of  serious  dispute;  but 
when  we  consider  that  the  oblique  fall  of  rain-drops  is  given 
them  by  the  motion  of  the  medium  through  which  tb«y  pass, 
and  that  when  that  medium  (the  wind)  with  its  rain-drops 
impinge  against  any  opposing  surface,  the  rain-drops  are 
retained  by  that  surface,  while  the  volume  of  wind  proceeds  dis- 
charged of  that  rain,  the  case  is  altered ;  for  it  becomes  evident 
that  an  eddy  of  reverberated  wind  actually  contains  a  smaller 
quantity  of  rain  than  is  contained  in  an  equal  volume  of  uninter — 
rupted  wind. 

Suppose  now  a  wall  extending  on  a  plain,  and  the  rain  in  itE 
oblique  fall  beating  against  the  face  of  this  wall,  and  two  rain- 
guages,  placed  one  on  each  side  of  the  wall  at  the  base,  and  a 
Uiird  on  the  top.  If  the  oblique  direction  of  the  rain  were 
owing  to  an  original  projecting  force,  one  of  those  at  the  base 
would  receive  no  rain  at  all ;  but  the  other,  and  the  one  at  the 
top,  would  receive  equal  quantities  with  each  other  ("putting  out, 
of^question  the  trifling  difference  of  accumulation  of  drops  falhug^ 
through  the  small  perpendicular  space  between  them)  and  those, 
quantities  would  be  equal  to  those  of  similar  guages  placed  oa 
the  uninterrupted  plain.  But  since  the  oblique  direction  « 
owing  to  the  horizontal  motion  of  the  stratum  of  air  throu^i 
which  the  rain  passes,  we  ought  to  expect  the  upper  gnageM 
receive  less  ;  for  the  volume  of  air  that  beats  against  the  wall  k 
Hot  annihilated,  but  must  rise  ;  and  passing  over  the  wallpassoi 
over  the  upper  guage  discharged  of  rain,  driving  away  an  equd 
volume  of  saturated  air.  We  may  also  expect  the  one  at  tiie 
base  even  at  the  windward  side  to  receive  less  than  others  at  a 
distance  from  the  wall,  for  part  of  the  wind  must  be  reverberated 
over  that.  In  short  there  will  be  a  general  mixture  and  con^ 
Bion  of  saturated  and  emptied  volumes  of  air  disturbing  the 
indications  of  all  the  guages  within  the  influence  of  the  eddies  of 
wind. 

Tate  another  case. — Suppose  an  extended  plain  abruptly 
broken  by  a  perpendicular  cliff  into  two  different  levels.  Say,  * 
cKfF  running  from  north  to  south,  and  on  the  west  side  of  it  a 
high  level  plain,  and  on  the  east  side  a  plain  on  a  lower  levdL.. 
Place  a  rain-guage  on  the  edge  of  the  cliff.  Suppose  a  driving' 
rain  with  a  west  wind.  This  guage  will  receive  its  due  quantity 
of  raiD  equaHy  with  others  on  the  open  plain.     But  suppose  a 
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driyine  rain  with  an  east  wind.    In  this  case  it  ought  to  receive 
nmcli  less,  because  the  face  of  the  cliff  will  receive  all  the  rain 
contained  in  the  wind  driven  against  it,  and  will  drive  upwarda 
the  wind  discharged  of  rain.     If  the  wind  drives  up  a  slope^ 
instead  of  a  perpendicular  wall  or  cliff,  the  same  thing  will  hap- 
pen in  a  less  demree ;  and  all  irregularities  of  surface  will  more 
or  less  disturb  me  equality  of  distribution  of  rain;  and  that  in 
Merent  degrees  under  different  directions  of  the  wind.     It  is* 
also  evident  that  as  the  ratn  driven  away  by  the  eddies  must  fall 
somewhere,  it  will  fall  in  increased  quantities  in  irregular  por-* 
I     tions  elsewhere,  and  this  will  double  the  difference  of  indication 
of  guages  at  no  great  dist&hce  from  each  other. 

I  am,  Sir,  your  obedient  servant, 

RiCHAKD  Davenport. 


Article  VIII. 

On  the  Machine  for  measuring  a  S/tip^s  Way  by  the  Log  Line. 
(To  the  Editor  of  the  Annals  of  Philosophy,) 

MY  DEAR  SIR, 

The  enclosed  communication  I  received  from  a  gentleman  of 
great  respectability  in  Denmark.  You. will  oblige  me  by  insert- 
ing it  in  the  Annals  of  Philosophy,        Very  truly  yours, 

G.  FORCHHAMMER. 


Nothing  is  more  probable  than  that  two  different  persons  may. 
have  conceived  similar  ideas  on  any  particalar  subject;  and  when 
the  inventions  to  which  they  give  rise  prove  of  essential  utility, 
it  is  but  just  that  each  should  enjoy  the  honour  that  really  is  due 
to  him. 

It  is  stated  in  the  Jpumal  of  Science  and  Arts,  edited  at  the 
Royal  Institution  of  Great  Britain  (vol.  ii.  p.  90),  that  Mr.  New- 
man has  claimed  to  be  the  first  inventor  of  a  machine  for  measur- 
'ing  a  ship's  way  by  the  log  line.  This  is  stated  to  be  effected 
by  means  of  a  sort  of  watcn  which  is  to  serve  on  board  of  ships 
in  lieu  of  the  usual  sand  glasses  of  one-quarter,  one-half,  or  one 
whole  minute. 

Mr.  Newman's  description  of  his  machine  is  as  follows  : 

'*T1ie  quarter^  and  half  miiiute  glasses,  in  general  used  for 
measuring  a  ship^s  way  have  always  been  found  very  irregular. 
This  irregularity  arises  from  various  causes,  and  particularly  the 
state  of  the  atmosphere  at  different  times,  and  in  various  lati- 
tudes ;  and  even  when  they  are  new,  it  is  scarcely  possible  to 
find  two  that  will  run  out  in  the  same  time. 
•    New  Series,  vol,  i.  h 
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"  As  the  log  litifi  is  in  general  use  for  measuring  a  ship's  way, 
it  is  evident  that  so  inadequate  a  method  of  ascertaining  the  por- 
tion of  time  required  must  introduce  many  errors  into  tli,e  esti- 
nfate  made  oF  the  velocity  and  progress  of  the  vessel;  and  a 
small,  simple,  and  correct  macliine  that  can  be  depended  upon 
for  this  purpose  appears  to  be  a  very  desirable  improvement. 

"  A  small  machine  which  I  have  invented,  and  which  has  bad 
the  decided  approbation  of  many  naval  ofEcers,  appears  to  pos- 
sess every  requisite  for  the  purpose  to  which  it  is  mtended  to  be 
applied.  It  is  enclosed  in  a  round  brass  bos,  three  inches  and  a 
half  in  diameter,  and  one  and  a  half  in  depth.  It  has  a  dial,  the 
rircumference  of  which  is  divided  into  00  parts.  In  the  centre 
is  an  index,  which  is  carried  round  by  the  machine  once  in  GO", 
or  one  minute.  At  the  15th,  30th,  45th,  and  60th  second,  are 
holes  made  in  the  dial  through  which  pins  are  pushed  up  or  down 
by  small  buttons  on  the  outside.  The  dial  is  covered  in  by  a 
strong  glass, 

"  When  the  machine  is  used,  being  wound  up,  the  index  is  to 
be  retained  at  60"  by  putting  the  pin  up  at  that  division.  If 
then  15"  are  to  be  counted,  the  pin  at  16"  is  to  be  put  up,  and. 
the  moment  the  log  is  delivered,  that  at  60"  depressed ;  the 
index  immediately  advances,  and  continues  in  motion  undl 
stopped  at  15".  If  30",  or  45",  or  60",  are  to  be  told,  the  pin 
belonging  to  the  number  required  is  to  be  put  up,  and  the  time 
told  as  before. 

"  The  beats  of  the  machine  can  be  heard  at  a  considerable 
distance,  and  the  moment  at  which  it  stops  so  readily  distin- 

fuished  that  it  may  be  used  as  well  in  a  dark  night  as  during 
ay,  or  by  a  light ;  and  as  it  is  perfectly  accurate,  very  strong 
and  very  portable,  it  seems  well  adapted  to  supply  the  place  of 
those  incorrect  minute  glasses  at  present  in  use  aboard  on  all 
ships." 

I  think  it,  however,  a  duty  incumbent  on  me  to  observe,  that 
Rear-Admiral  Lowenom  (a  gentleman  who  as  a  hydrographer^ 
iu  his  capacity  as  Chief  Director  of  the  Royal  Marine  Chart 
Archives,  has  been  of  essential  service  to  mariners  ;  and  besides 
this,  has  caused  great  number  of  lighthouses  to  be  erected  upoo 
the  Danish  coast,  Stc.  Sec.)  had  already  conceived  this  veiy  idea 
several  years  before,  and  was  the  immediate  cause  of  the  con* 
struction  of  a  watch  by  an  artist,  by  the  name  of  Sparrevogn, 
who  in  the  year  1804  constructed  a  portable  log  watch  mthefoim 
of  a  common  watch,  which  the  person  employed  in  logging  may 
conveniently  carry  about  his  neck,  suspended  by  a  ribbon,  or  in 
any  other  manner.  In  the  very  moment,  the  first  mark  of  the 
log  hue  has  run  out  of  the  man's  hand,  he  needs  only  to 
jpress  upon  a  spring  of  the  watch,  which  directly  sets  it  going, 
and  the  index  shows  exactly  the  full  seconds.  When  the  index 
of  the  watch  points  on  to  the  14th  second  (which  serves  to  denobi 
one-quarter  of  a  nu'iiute),  this  watch  slnVea  a.  beU  VciyLdly  in  th« 
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inside,  so  th^t  the  person  who  i^  logging  may  directly,  and  in 
the  very  same  moment^  stop  the  line  and  count  the  knots ;  the 
watch  -meanwhile  continues  to  go,  and  the  index  indicates  the 
seconds  until  the  28th  second  (for  this  division  is  adopted  here 
for  the  computation  of  our  log),  when  the  watch  again  gives  a 
loud  stroke,  and  the  man  at  that  very  moment  stops  the  Une,  in 
case  he  has  let  the  log  run  to  that  moment  which  is  used  yvlkea 
the  ship  runs  at  a  moderate  rate ;  the  watch  is  now  run.  dowft, 
and  stops  at  once.  It  is  not  wound  up  in  any  other  manner: 
this  is  eflPedked  by  the  pressure  upon  the  spnng  by  which  it 
repeatedly  may  be  set  going. 

The  contrivance  appears  to  be  somewhat  superior  to  that 
described  by  Mr.  Newman.  Mr.  Sparrovogn  (the  above-mes* 
tioned  Danish  watch-maker,  who  is  now  dead)  made  several  of 
these  log-watches.  The  Danish  Board  of  Admiralty  rewarded  Mr. 
Sparrevogn  with  a  proper  remuneration,  and  Admiral  Lowenom 
laid  before  the  Royal  Society  of  Sciences  at  Copenhagen  (of 
which  he  is  a  Fellow)  a  drawing  of  the  construction  of  this  watofa^ 
together  with  an  explanatory  description  of  it,  which  met  the 
approbation  of  the  Society. 


Article  IX. 


On  the  Action  of  Crystallized  Bodies  on  Homogeneous  Light ,  and^ 
on  the  Causes  oj  the  Deviation  from  Newton's  Scale  in  the 
Tints  which  many  of  them  develope  on  Exposure  to  a  polarised 
Ray.     By  J.  F.  w;  Herschel,  Esq.  FRS.  Lond.  and  Edin.* 

Since  the  period  of  the  brilliant  discovery  of  Malus  of  the> 
pdarisatioQ  of  light  by  reflection,  the  investigation  of  the  gene- 
lal  laws  which  regulate  the  action  of  crystallized  bodies  on  li^t 
bts  advanced  with  a  rapidity  tcuiy  astonishing,  and  the  labours 
of  an  Arago,  a  Brewster,  and  a  Biot,  have  already  ^one  far 
towards  completing  the  edifice  of  which  that  distinguished  phi- 
lompher  laid  the  foundation.  When  Malus  wrote,  the  list  of 
doubry  refracting  crystals  was  small,  and  the  most  remarkable 
amoog  them  possessing  only  one  axis  of  double  refraction,  it. 
saeme  to  have  been  for  some  time,  tacitly  at  least,  presumed  Uiat 
the  law  discovered  by  Huygens,  and  since  re-established  in  the 
meet  rigorous  manner  for  that  one,t  might  hold  good  in  all. 

^  lUad  before  the  RoytJ  Society  of  Ixmdon,  Dee.  SS,  1819- 

t  The  floAor  of  the  srtide  on  PolariMtien,  in  the  68d  munber  of  ^  Edmburgh 
Boiew,  jotl  pablndied^  is  guAtv  of  a  moet  unpairdoiuible  mistake,  in  asserting  (p.  18^, 
m  iedndble  nana.  Dr.  Brewster's  experiments,  that  the  Huygenian  hiw  is  incorrect,  for 
ciAonfltie  of  Hme.  Dr.  Brewster^s  geneml  formids  $»  er^itals  with  two  aies  resoifv 
tfMttMberiiM»  tile  HAygenlaa  law  mai  the  aSMS  cotedde,  of  which  case  it  is  only  an 
dtteailaQ*  •  Hhi*  cM^ent  phitotephcf,  if  I  nndcntaiid  Endish^  in.  tlbut  ^^asMOMJi^ 
ipjhui'fliKM  xiie  to  this  staagB  awwtiipp,  xaaly  mwDi  to  wbxe  \a&  oi(tem.  uofti  i^ 
imimim  untbeMmMd 

h2 


E 
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The  discovery,  by  Dr.  Brewster,  of  crystals  possessing  two  axes 
of  double  refrection,  or  two  directions  in  which  a  ray  may  pene- 
trate their  substance  without  separation  into  distinct  pencils,  ha» 
[>roved  the  fallacy  of  any  such  generalization,  and  rendered  it 
.necessary  to  enter  on  a  fur  more  extensive  scale  of  investigation^  ■ 
There  are  two  methods  which  may  be  pursued  in  observations 

■on -double  refraction  and  polarisation,  the  one  direct,  the  other 
indirect.  The  former  turns  on  immediate  observations  of  the^ 
angular  deviation  of  the  extraordinary  pencil,  and  is,  ofcourser< 
only  applicable  when  the  forces  which  act  exclusively  on  the  raysi 
composing  it  are  sufficiently  intense  to  cause  a  sensible  separa>^ 
tion  of  the  two  pencils.     There  exist,  however,  a  multitude  <rf 

-  Cfystals  in  which  the  force  of  double  refraction  is  so  feeble  as  to, 

°  ^iroduce  scarcely  any,  or  at  most  a  very  inconsiderable  deviatioQ) 
of  the  extraordinary  ray,  and  in  which,  consequently,  the  laws  of, 

■  double  refraction  could  neither  be  investigated  nor  verified,; 
wflliout  having  recourse  to  some  artificial  means  of  magnifying; 
the  quantity  to  be  observed  ;  a  thing  easy  enough  in  theory,  but. 
requiring,  in  practice,  the  grealesi.  nicety  on  the  part  of  the, 
'Observer,  and  in  many  cases  altogether  impracticable,  from  the; 
(physical  constitution  of  the  crystals  themselves.  The  indirect 
method  depends  on  the  discovery  of  Arago,  scarcely  inferior  in 
intrinsic  importance  to  that  of  Malus,  of  the  separation  of  a  polftM 
rised  ray  into  complimentary  portions  by  the  action  of  a  crystal* 
Uzed  lamina.  It  was  reserved,  however,  for  the  genius  of 
M.  Biot  to  trace  this  striking  phenomenon  to  its  ultimate  causey 
in  the  action  of  crystals  on  the  diflerently  coloured  rays,  and  to 
develope,  in  a  simple  and  elegant  theory,  the  successive  giada> 
tions  by  which  the  polarisation  of  a  ray  in  its  passage  through  a 
doubly  refracting  crystal  is  performed ;  while,  on  the  other  hand, 
the  splendid  phenomena  of  the  polarised  rings,  which  we  owe  to 
Dr.  Brewster,  have  established  the  connectiorf  of  the  tints  bO{ 
polarised  with  the  force  producing  the  deviation  of  the  extraoiv 
dinary  pencil,  and  shown  the  legitimacy  of  conclusions  respect-i 
ing  the  intet-sity  of  the  latter,  drawn  from  observations  on  Aft- 
former. 

This  indirect  mode  of  observation,  which  consists  in  noticinff. 
the  gradations  of  colour  for  different  positions  and  thicknesses* 
of  the  crystal,  possesses  three  capital  advantages.  The  first  w 
its  extreme  sensibility,  which  enables  us  to  delect  the  existence,' 
and  measure  precisely  the  intensity  of  forces,  far  too  feeble  to* 

froduce  any  measurable  deviation  of  the  extraordinary  pencil.' 
t,  in  fact,  affords  the  rare  combination  of  an  almost  indefinite 
enlargement  of  our  scale  of  measurement,  with  a  possibility  of. 
applying  it  precisely  to  the  object  measured,  arising  from  the 
distinctness  of  all  its  parts.  Another,  no  less  precious,  is  the' 
leading  us  by  mere  ocular  inspection  to  the  laws  of  very  compli-' 
cated  phenomena,  and  enabling  us  to  form,  and  mould,  as  it-. 
^ere,  oar  analytical  formula-,  not  on  a  \ii.\iOT\o\i%,  atvd  sometimes 
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deceptive  discussion  of  tabulated  measures,  but  on  the  actual 
form  of  the  curves  themselves,  which  are  loci  of  the  functions 
under  consideration.  It  is  true,  that  a  reference  to  tabulated 
measures  is  indispensable  to  give  precision  to  such  first  approxi- 
mations ;  but  the  power  this  mode  of  observation  afibrds  of 
copying  our  outline  fresh  from  nature,  and  from  the  general 
impression  of  the  phenomena,  brought  at  once  under  our  view^ 
is  an  advantage  not  to  be  despised.  Nor  ought  we,  lastly^  to 
omit,  in  our  estimate  of  advantages,  the  means  thus  afforded  xxs 
of  subjecting  the  minutest  fragments  of  a  crystal  to  a  scrutiny 
as  severe  as  the  most  splendid  specimen,  aqd  thus  extending  our 
researches  to  an  infinitely  greater  variety  of  natural  bodies  than 
we  could  otherwise  hope  to  examine. 

In  order,  however,  to  render  observations  on  the  tints  deve- 
loped by  polarised  light  available,  they  must  be  comparable  to 
each  other;  and  it,  therefore,  becomes  an  object  ot  the  first 
importance  to  ascertain  the  existence,  and  discover  the  laws,  of 
any  causes  which  may  operate  to  disturb  their  regularity.  -  Ever 
since  I  first  engaged  in  experimental  inquiries  on  the  polarisa- 
tion of  light,  I  was  struck  by  the  very  considerable  deviation 
from  the  succession  of  colours  in  thin  lamiivse,  as  observed  by 
Newton,  which  many  crystals  exhibit  when  cut  into  plates  per- 
pendicular to  one  of  their  axes.  I  at  first  attributed  this  to  a 
want  of  perfect  regularity  in  theit  structure,  or  to  inequalities  in 
their  thickness,  arising  from  my  own  inexpertness  in  grinding 
and  polishing  their  surfaces;  and  it  was  not  till  habit  had  r&i^ 
dered  me  familiar  with  all  the  usual  causes  of  deception^  thaty 
finding  the  same  phenomena  uniformly  repeated  in  differeqt  and 
perfect  specimens,  my  curiosity  became  excited  to  inquire  into 
their  cause,  the  more  so  as  they  now  began  to  assume  the  fornv 
of  a  radical  and  unanswerable  objection  to  the  theory  of  M.  Biot^ 
above  alluded  to,  which  affords  so  perfect  an  explamition  of  the 
tints  in  crystals  with  one  axis. 

These  phenomena  have  not  escaped  the  vigilance  of  Dt.. 
Brewster.  In  his  paper  of  1818,  he  custinctly  notices  the  fact  c^ 
a  deviation  from  Newton's  scale,  in  crystals  with  two  axes,  and 
promises  a  more  detailed  account  of  it,  which,  however,  has  n9t 
yet  appeared.  But  the  object  of  the  present  communication  i» 
not  thereby  anticipated,  as  in  the  only  passage  in  that  paper  in 
which  he  expresses  himself  otherwise  than  obscurely  on  its 
cause,  he  appears  to  regard  the  deviated  tints  as  analogous  to 
those  developed  along  the  axis  of  rock  crystal  and  by  certain 
liquids ;  an  analogy  which,  in  the  present  state  of  our  knowledge 
on  that  perplexing  subject,  it  seems  not  easy  to  admit.  In  a 
paper  too,  which  has  lately  appeared,  containing  the  interesting 
observations  of  the  same  excellent  philosopher  on  the  opticfU 
stractore  of  the  apophyllite,  he  remarks  the  very  striking  aevia- 
tion  of  the  colours  of  this  crystal  from  NeNvtou^a  %Cr^^  ^^  vcl^^ 
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first  orders  "  of  its  rings ;  aud  while  he  remarks  that  such  devis- 
tions  aVe  common  enough,  and  indeed  universal  in  crystals  "  in 
wliich  the  rings  are  formed  by  the  joint  action  of  two  axes," 
seems  to  think  this  analogy  close  enough  to  authorize  the  aub- 
stitulion  of  two  rectangular  axes  of  a  negative  character  for  the 
single  positive  axis  actually  observed,  according  to  his  own 
pecuhar  and  ingenious  view&  on  this  subject.  I  lost  no  time  in 
endeavouring  to  procure  a  specimen  of  this  mineral,  and  by  the 
kindness  of  my  friend.  Sir  Samuel  Young  (to  whom  I  ov/e  more 
than  one  obhgation  of  this  nature)  was  favoured  with  one  suffi- 
ciently transparent  for  optical  examination.  From  my  observa- 
tions on  this  body,  I  think  1  shall  be  able  to  demonstrate  satisfac- 
torily that  the  phenomena  of  the  apophyllite  depend  on  a 
principle  distinct  from  that  which  produces  the  chiei  part  of  the 
deviation  of  tints  in  most  crystals  with  two  axes. 

The  course  I  propose  to  pursue  is,  first,  to  describe  the  phe- 
nomena themselves.  I  shall  then  show  how  these  phenomena, 
complicated  as  they  are  in  appearance,  are  all  reducible  to  one 
very  simple  and  general  fa«t;  viz.  that  the  axes  of  double 
refraction  differ  in  their  position  in  the  same  crystal  for  the  dif- 
ferently coloured  rays  of  the  spectrum,  being  dispersed  in  one 
plane  over  an  angle  more  or  less  considerable,  according  to  the 
nature  of  the  substance.  In  many  bodies,  the  magnitude  of  this 
dispersion  of  the  axes  is  comparatively  trifling,  while  in  some, 
net  otherwise  remarkable  for  a  high  ordinary  or  extraordinary 
wsperstve  power,  it  is  enormous,  and  must  render  all  computa- 
uon  of  the  tints  in  which  it  is  not  taken  into  consideration,  com- 
^jfetfily  erroneous  ;  and  indeed  obliterating  almost  every  trace  of 
jttte  Newtonian  scale  of  colour.  We  have  here  then  a  new  ele- 
,;noeQt,  which,  for  the  future,  must  enter  into  all  formuhe  of  double 
refraction  pretending  to  rigour,  and  at  the  same  time  are  pre- 
.^^ted  witli  another  very  striking  instance  of  the  inherent  dis- 
tinction between  the  differently  coloured  molecules  of  light, 
jt^icb,  since  the  time  of  Newton,  every  new  stop  in  optical 
i^qieace  has  tended  to  place  in  a  stronger  point  of  view.  At  the 
l^ame  time,  by  the  easy  and  complete  explanation  this  principle 
.tp^ords  of  all  the  more  perplexing  anomalies  in  the  tints,  the 
jlf\eoiy  of  alternate  polarisation  to  which  they  were  hitherto  so 
^aJi>aiil6  aud  formiaable  an  objection,  stands  reheved  from  every 
.fl^ffictilty,  and  may  now  be  received  as  fully  adequate  to  the 
, ^presentation  of  all  the  phenomena  of  the  polarised  rincs,  and 
, entitled  to  rank  with  the  hts  of  easy  transmission  aud  reelection, 

Sa  general  and  simple  physical  law.  In  fact,  if  we  investigate 
ithia  theory  a  general  analytical  expression  of  the  tint  deve- 
,jQped  for  any  position  and  thickness  of  the  plate,  takmg  this 
jUpment  into  consideration,  it  will  be  found  to  include  all  the 
jMenomenn,  aa  far  as  they  caa  te  computed  ;  while  the  /aw  of 
^spersion  remains  unknown.     But  we  may  go  yet  further.    The 
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nature  of  the  formula  furnishes  an  equation  by  which  the  actual 
quantity  of  the  separation  of  the  extreme  red  and  violet  axes 
may  be  deduced  from  observations  of  the  tints  of  a  very  simple 
ana  accurate  nature,  being  perfectly  analogous  in  principle  to 
the  *'  method  of  coincidences,"  which  has  of  late  been  applied 
with  such  success  to  the  most  delicate  investigations  in  every 
department  of  physical  science.  The  comparison  of  the  results 
a£Forded  by  that  equation  with  those  deduced  by  direct  observa- 
tion on  homogeneous  light ;  while  it  leaves  notning  to  desire  in 
point  of  accuracy,  leads  to  another  important  result,  viz.  that  the 
proportionality  of  the  minimum  lengths  of  the  periods  performed 
Dy  differently  coloured  molecules,  m  a  doubly  refracting  crystal, 
to  the  lengtns  of  their  fits  of  easy  reflection  and  transmissiop, 
supported  as  it  is  by  an  induction  of  no  ordinary  extent  and 
accuracy,  is  yet  not  universal,  admitting  a  deviation  to  a  veiy 
large  amount.  Hence  must  of  course  arise  a  kind  of  secondary 
deviation  in  the  scale  of  tints.  In  crystals  with  two  axes,  how* 
ever,  this  is  masked  by  the  much  more  powerful  effect  of  the 
separation  of  the  coloured  axes ;  yet  even  there,  is  not  altoge* 
ther  insensible  in  an  extreme  xase.  In  the  apophyllite,  however, 
the  s^encY  of  this  secondary  cause  is  placed  m  the  fullest  evi* 
dence.  The  appUcation  of  our  general  formula  to  the  anomalous 
tints  of  that  body,  while  it  proves  incontestably  the  exact  coinoi- 
dence  of  the  axes  for  all  the  coloured  rays,  points  out  at  the 
same  time  a  pecuUarity  in  its  action  on  the  more  refran^ble 
extremity  of  the  spectrum,  of  a  nature  so  singular,  so  entirely 
without  example  in  all  the  multitude  of  natural  and  artificial 
bodies  hitherto  examined,  as  to  render  me  extremely  desirous  of 
prosecuting  the  research,  with  the  aid  of  more  perfect  specimens 
and  improved  methods  of  observation. 

Havmg  arrived  at  the  general  result  of  a  dispersion  of  the  axes 
by  the  sole  consideration  of  the  gradation  of  tints  in  plates  of 
various  thicknesses,  it  becomes  interesting  to  verify  it  by  direct 
and  independent  observation.  This  I  have  accordingly  done ; 
and  the  fortunate  discovery  of  a  substance  in  which  it  is  of 
enormous  magnitude,  puts  it  in  our  power  to  render  the  fact 
sensible  to  the  eye  of  the  most  unpractised  observer,  by  ^n 
exceedingly  simple  experiment,  to  be  described  in  its  place. 

II.  Of  the  general  Phenomena  of  Crystals  which  develope  TirUs 
deviating  Jrom  Newton's  Scale,  by  Exposure  to  polarised  Lights 

In  describing  the  phenomena,  I  shall  at  present  confine  myself 
to  the  tints  developed  along  the  principal  section  of  the  crystal, 
which  is  supposed  placed  in  an  azimuth  45^  with  the  plane  of 
primitive  polarisation.  The  observations  of  the  tints  in  tlus 
position  are  most  easily  made,  and  least  liable  to  error,  and  we 
ftWl  see  presently  that  it  would  be  superfluous  as  well  as  embar- 
rassing to  examine  other  situations,  the  law  of  the  ^hewoyxvewa. 
bein^ completely  deducible  from  this.    In  t\i\a  e^tv^  ^  cj<off^fftH%«* 
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tions,  then,  we  traverse  the  polarised  rings  (PI,  IV.)  fig  1  ,*  in  the 
direction  of  their  axis  of  symmetry  A  A',  passing  through  their 
poles  P,  P',  and  centre  0.  Wow  if  we  subject  to  this  examina- 
tion any  one  of  the  following  substances : 

Sulphate  of  soda?  Arragonite, 

Sulphate  of  baryta,  Sugar, 

Nitrate  of  potash,  Hyposulphite  of  strontia, 

it  will  be  seen  that  the  tints  between  the  poles  P  P'  correspond 
to  lower  orders  of  colour  than  would  result  from  assuming  F,  P, 
as  the  origin  of  the  scale,  and  agiee  much  better  with  the 
asBumption  of  certain  points  }>,  p',  without  the  poles,  astheii 
zero,  or  commencement  of  the  scale.  The  poles  tn  em  selves  too 
instead  of  being  absolutely  black,  are  tinged  with  colour ;  and 
the  tints  beyond  them,  instead  of  descending  in  the  scale  from 
the  poles  outwards,  continue  to  rise  till  they  reach  their  maxi- 
mum (which  is  a  white,  more  or  less  brilliant,  or  an  absolute 
black)  at  the  points  p,  p' ;  after  which  they  descend  again  t» 
infinity.  Not  that  in  any  case  they  coincide  precisely  with  the 
scale  of  Newton,  even  with  this  correction,  but,  except  m  extreme 
cases,  approximate  to  it  within  some  moderate  limit  of  error. 

If,  on  tne  other  hand,  we  examine  in  the  same  manner  one  of 
the  following  bodies : 

Tartrate  of  soda  and  potash,  Sulphate  of  magnesia, 

Borax,  Topaz, 

Mica, 
it  will  be  found  that  the  imaginary  points,  p,  p'  (which  we  shall 
call  the  virtual  poles),  from  which  the  tints  must  be  reckoned 
inwards  and  outwards,  to  produce  the  nearest  possible  agreement 
■with  Newton's  scale,  lie  between  the  poles  P,  P'. 

In  all  these  crystals,  as  the  thickness  of  the  plate  examined 
increases,  the  virtual  poles  p  p'  recede  from  the  actual  ones 
P  P',  at  least  in  respect  of  the  number  of  alternations  of  colour 
■which  intervene  between  them :  in  other  words,  the  tint  deve-— f 
loped  in  the  poles,  or  along  the  apparent  axes  of  the  crystal, 
descends  in  the  scale  of  colour,  as  the  thickness  of  the  plate 
increases,  and  vice  versa.  In  very  small  thicknesses,  the  tints 
approximate  pretty  closely  to  Newton's  scale,  or  wholly  coincide 
■with  it,  while  in  Teiy  great  ones,  the  tint  developed  in  the  polea 
is  the  composite  white  of  the  extremity  of  the  scale.  The  angu- 
lar distance,  however,  of  the  virtual  poles  from  each  other  and 
jrom  the  axes,  remains  absolutely  unchanged  for  all  thicknesses ; 
and  this  striking  fact,  which  I  have  proved  by  numerous  and 
satisfactory  experiments,  was  first  suggested  for  examination  as 
a  result  of  theory,  and  would  etjually  hold  good,  as  will  pre- 
Bentlybe  proved,  for  every  conceivable  law  of  double  refraction. 


■-^a- 
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The  substances,  which  I  have  examined  most  atteatiyelyy  are 
sulphate  of  baryta,  nitre,  mica,  and  Rochelle  salt,  and  the  sub- 
joined tables  of  tints  developed  for  different  inclinations  in  plates 
of  the  first  and  last  of  these,  may  serve  as  examples  of  the  mode 
of  action  of  the  respective  classes  to  which  they  belong  on  light, 
and  will  afford  data  for  some  calculations  to  follow.  The  nrist 
two  columns  contain  the  inclinations  corresponding  to  similar 
tints  of  the  incident  ray  on  the  moveable  plate  which  carries  tlie 
crystal,  in  the  general  apparatus  imagined  by  M.  Biot  for  obser- 
vations of  this  Kind.  Were  the  plate  cut  in  a  direction  precisely 
perpendicular  to  the  optic  axis  (or  line  bisecting  the  angle  oetween 
those  of  double  refraction),  and  adjusted  with  perfect  accuracy 
on  the  instrument,  the  excesses  or  defects  of  these  angles  above 
or  below  90^  would  represent  the  angles  of  incidence.  Neither 
of  these  conditions  were,  of  course,  exactly  fulfilled.  But  it  is 
obvious  that  the  small  errors  in  these  partictdars  (which  were 
ascertained  not  to  exceed  1^  or  2°)  must  affect  the  computed 
angles  of  refraction  on  both  sides  of  the  perpendicular  with 
e(][ual  and  opposite  errors.  The  same  may  be  said  of  any  error 
ansin^  from  a  slight  prismasticity  of  the  plate,  which,  however, 
must  have  been  extremely  small,  the  plate  having  always  been 
rendered  parallel  by  the  aelicate  test  of  the  spheerometer,  within 
a  very  few  divisions.''^  Consequently,  in  calculating  on  these 
data,  the  mean  angle  of  refraction  determined  by  the  simultane- 
ous use  of  both  observations  (their  semi-difference  being  taken 
for  the  angle  of  incidence),  may  be  expected  to  differ  from  the 
truth  by  an  extremely  minute  quantity.  The  third  column  con* 
tains  the  tint  developed  in  the  ordinary  pencil,  and  the  fourth  in 
the  extraordinary.  The  last  notices  the  remarkable  points  in 
the  system  of  rings  to  which  the  tints  and  angles  in  tne  other 
columns  correspond.  The  positions  of  the  poles  were  determined 
by  interposing  a  red  glass  between  the  crystal  examined  and  the 
reflector  used  to  polarise  the  incident  light.  The  ^lass  used  for 
this  purpose  was  of  that  kind  occasionally  found  m  old  church 
windows,  and  whose  manufacture  seems  to  be  numbered  amon? 
arts  now  forgotten.  It  transmits  almost  the  whole  of  the  red 
rays,  and  part  of  the  orange ;  while  it  completely  stops  all  the 
more  refrangible  colours.  I  have  endeavoured  in  vain  to  procure 
a  specimen,  whose  limits  of  transmission  are  more  confined. 
Such  are  said  to  exist,  though  very  i:are  ;  and  in  the  absence  of 
such,  the  indications  of  that  employed  may  be  taken  to  corres* 
pond  to  the  mean  red  rays. 

*  Each  equal  to  the  SSSOOth  part  of  an  inch. 
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•^k-RLeI.— Sulphate  of  Bar  tfta.    Tliickness  of  Plate  =0-U^ 


Correepopding  , 


.46  58 

I  (|T  93 


E^H 


W  12 
eo  45 


Rich  crimion  red... 

Fine  arange. 

Pate  omiKe  yellow. 
White 


Bluish  white 

Idghtbhie 

Sombre  ^eeniih  blue. . 

Dirty    and     veiy     son 
P>"T'e 

Sombre  and  narrow  pinkish 


185  47 
195  30 


114  47 

"13  ao 

111  SO 


Pink. , 

Bluish  green  ...... 

Rich  pnk 

]WMti«h 

Splendid  green 

Blue. 

Crimson 

YeUow,  incfioiiw  to 

Yellow 

Blue  gisen 


Very  pale  blue  gieen  . , 

Heauliful  green 
Dull  purple 
itieh  crimson 
Yellow 

j^ue 

,  Puiple 
Rich  criniBor 

Pale  fellow 
Pale  green  o 
U<ht  blue 
Duk  blue 


.    —    ,„,   .. 

purple 
Scarlet  or  lieiy  red 

Ruddy   white,  or  very  pale 


Very  pale  violet  oi 
White..'.'.'."."! 


White  slightly  yelloMiah . . 
Pale  and  dirty  olive  green. 

Very  narrow  violet. 

Blue,  very  Mimbre  and  nar- 

Liigbt  bhie 

Bluisli  OF  gteeniah  while  . . 

Yellowish  white 

Light  yellov . 


irangc  pmk. 
■e  purjde  . 


Blue. 

Pale  green ., 

Pale  yeDow 

tiight  jellowiidl  pink .  . 
Rich  pink  ......  ^  H . . 

Pole  purple. . . 

Illue  green 


White 

Pink 

(ireenish  blue. 
Pink- 


Tlnubji 


White 

Oreeni'h  white 

Dirty  bluish  green 

"arrow   and    very    KOibie 

violet  purple 

Violet 

Violet  white 
White 

White  aliahlly  yellowish 

Pale  yellow 

Indifiereut  purplish  pink 

Dark  blue 

Pale  yellow  green 

Yellow 

Fine  pink  verging  to  ciinison 

Purple 

Greenish  blue 

Kluish  green 
Ireenish  white 

Very  pale  purple 

Blue  green 

Whitish 

Pink 

Dull  purple 

Wuish  green 
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In  this  plate^,  the  virtual  poles  jcorrespond  very  nearly  to  the 
second  minimum  of  the  extraordinary  pencil  beyond  the  poles 
.  .P  P'.    The  same  plate  was  now  reduced  by  grinding  to  the 
'  thickness  i3*08816  inch.     In  this  operation^  care  was  taken  to 
grind  away  the  side  of  the  plate  most  distant  from  the  eye  only, 
"  leaving  the  other  perfectly  untouched  and  unimpaired  in  its 
polish.     The  plate  being  reduced  to  exact  parallelism  by  the 
sphaerometer  was  again  examined,  the  same  side  still  remaining 
next  the  eye.     By  this  arrangement,  the  same  angles  of  emer- 
gence from  the  posterior  surface  correspond  rigorously  to  the 
same  directions  of  the  ray  in  the  interior  of  the  crystal,  with 
respect  to  the  axes  of  its  molecules  ;  and  thus  we  avoid  com- 
pletely any  errors  which  might  arise  from  using  plates  cut  at 
aifferent  angles,  it  being  almost  impossible  to  cut  two  plates 
precisely  alile  in  this  respect. 

Table  II. — Sulphate  of  Baryta.     Thickness  s=  0*08816  in. 


Corresponding 
indinations. 


58°  C 
57  30 

55  57 

54    5 
52  57 


5130 


50    0 


48  40 

47  35 
47  10 

46  7 
45  3 
44  33 
43  35 
42  23 
40  65 
39  90 


120O  0' 
120  47 

122  15 

124  0 

125  33 


Pink,  verging  to  orange 
ydlow 

Yellow 

Pale  jeDow.  .  

Greemsh  white 

Light  hlue. 

Dark  blue 

Sombre  purple 

Ver^  indinerebt  sombre 
pmk 

Piue  yeOow 

White 

Very  pale  violet  white  .... 

Very  sombre  violet,  fdmost 
bhck 

Sombre    and   dirty    olive 


127  0 


128  30 


130  0 

131  10 

131  28 

132  33 

133  45 

134  30 

135  15 

136  30 

138  0 

139  50 


Ordinary  pendL 


Blue,  somewhat  greenish  < 

Dark  blue 

Purple 

Pink 

Yellow,  verging  to  orange 
Bright  yellow 
YeUow  white 

Bluish  white 
Dark  ind%o  blue 
Sombre  violet 
Dusky  greenish  yellow 


Very  pale  blue 

White 

White 

Orange  idiite 

Bright  orange 

Bright  scarlet. 

Purple 

Blue 

Bluish  white 

Yellowish  or  greenish  white 

Orange  yellow 

Rich  crimson. 

Purple 

Bright  blue. 

Good  green 

Rich  pink 

Greenish  parple. .  .^ 

Grood  green,  but  pale.  . . . . 
Pink  red 

I  Pale  bluish  green 
Pale  pink. 


ExtraondinaiY. 


Pure  brilliant  white. 


White,  rather  ruddy 

Orange  white 

Soml^  orange  or  brick  red 

Nanowpuz^ 

Blue 

Pale  blue 

Bluish  white 

White 

White 

Yellow 

Rich  crimson 

Purple 

Bright  blue 

Green 

Good  yellow 

Pink  yellow 

Rich  pink  or  crimson 

Splendid  green 

Pinkish  white 

Fine  pink 

Greenish  blue 

Pala  pink 

Very  pale  greenish  blue 


BcnuMln,  ^tpp» 


Poke  4br  <ii» 
mean  red  rays 

jraits  beypnd 
the  poles. 


Tirtnal  polflS 
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In  this  plate  the  virtual  poles  correspond  to  the  second  maii-  i 
mum  of  tne  extraordinary  pencil.  It  is  needless  to  detail  the  ' 
tints  between  the  poles.  The  same  plate  once  more  reduced  I 
with  the  same  precaution  to  leave  the  posterior  surface  nn-l 
touched,  developed  the  following  series  of  colours  beyond  tiie  I 
poles.  I 


,  Table  llLSuiphate  of  Baryla.      Thickness  =  0-0o758  ii 


Ordin.ry  pendl. 

Extraordinary. 

»™h^ 

iai°50' 

183  27 

IM    3 

186    7 
ISfi  ss 
12T  SO 

188  80 
1S8  30 

ISO  10 

130  30 

IS8  SO 
188  40 

IndifP^ 

Pole^fcilk 
nteanTcdn;! 
Tints  beyimJ 
i-.epoIei 

White,  incHmng  to  yeUo*. 

Dull  orange 

VeUow 

White 

White 

White 

57  50 
5T  go 

rawy  violet  yellow 

Sombre  violet 

Pure  brilliant  vhite 

Virtudp*. 

Sombre  ditly  green 

Pale  dirtv  bluish  green 

White     ■ 

White 

Buddy  while 

Orange 

Drange  red 

Purple,  &c  &c 

53  40 
53  87 

Pileoruige 

Sombre  orange  or  brick  rrf 

r.'-.-'.-r.'.r.-!': 

61     S 

Pole  yellow,  &«.&<:.  .... 

Here  the  virtual  poles  p,  p'  correspond  precisely  to  the  first 
miaimum  of  the  extraordinary  pencil. 

In  a  plate  of  Rochelle  salt,  cut  nearly,  but  not  quite  perpendi- 
cular to  the  optic  axis,  and  whose  thickness  was  0'ly4425  in. 
the  rings  beyond  the  poles  were  alnnost  entirely  obliterated, 
while  tnose  between  them  e^ihibitcd  the  following  singular  suc- 
cession of  colours,  which  will  show  to  what  an  extent  the  devia- 
tion from  Newton's  scale  is  carried  in  this  substance. 
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Table  IV. — Rbchelk  Salt, perpendicular  to  the  Optic  Axis. 

Thickness  =  0- 194426  in. 


ContipondiBg 
indiiMtkoa.  ■ 


90PSO'(59Ooia' 
SOT  10 
1M9    0 
S10  SO 

ais  so 

913  20 
S15  85 
816  40 
«18  0 
819  S9 
SSO  58 


882  SO 

883  45 

884  50 

886  10 


897  25 

888  30 

889  3 
889  50 

831  20 

832  25 
834    0 

235  40 

236  23 
238  50 
240  12 

242  10 

243  40 

245  ]0 

246  50 
248  25 

250  40 

258  57 
256    5 

259  20 
261  40 
866  40 


Ezceedingpale  junk Exceeding  pale  blue 


S09 
308 

307 
306 


30 
15 

0 
10 


Osdiiiaxj  pcBciL 


White* 

{Szceediiigpale  Uue. • . . 


304  ]0 


308  20 


299  20 


296  15 

204  35 

292  55 

291  SO 
289  50 
287  45 
286  45 
984  55 

2S2  30 

280  12 

277  25 

274  40 
271  40 
266  40 


Very  pale bhie 

Very  pale  pink 

Very  pale  Uue. 

Pale  pink 

Pale  Uue. 

Pink 

Pale  blue  .  • «  

Pink 

White 

Blue. 

Yellowiih  pink 

Pale  greenish  Uue 

Bhie 

Pale  pink. 

Pale  yellow. 

WUte :. 

Bluish  or  greenish  white 

Blue ............. 

Violtt  almost  imperoeptiUe 

Pure  white. 

Exceeding  pale  ydk>w. .  • . 

Pale  yellow. 

Very  pale  tawnjjr.  orange . . 
Finepuiplish  cnmaon  .... 

Very  pale  purple 

Very  pais  green 

White 

Mendid  crimson. 

Pale  purple 

Very  pale  green. 

White 

Ridi  crimson.  •• 

Pale  purple 

Pale  blue  green 

White 

Pink,  raUierpale 

White 

Pale  blue. 

Pale  pink  yellow 

Very  pale  blue  . . ; 

Very  pale  yellow  green.  . . 

Pale  mac 

White 

Fine  yellow  green 

White 

Lilac. 

White 

Fine  yellow  green 

White 

Pale  lilac m 

White 

Green  yellow .'. 


Extraordina^. 


White. 

Exceeding  pale  j^nk 


Remarks,  Ac.- 


Poles  PP' for 
redrayi 


Very  pale  pink 

Very  pais  blue 

Very  pale  pink 

Pale  Uue  green 

Pale  yellow  pink 

Blue  green 

Pale  yeDow  pink 

Greenish  Uue 

Very  pale  purple 

Vellowpink 

Greenish  blue  \ 

Vellowish  pink 

Pale  pinldsh  yellow. 

Pale  greenish  Uue 

Dark  Uue 

Pale  purple 

Very  pale  violet  pink 

Very  pale  yellow 

White 

Pure  white. 

A.  little  violet 

Very  nanowdark  Uue 

Blue,  sombre,  and  pale 

Pale  yellow  green 

White 

Fine  crimson 

Pale  purple 

Very  pale  green 

White 

Rich  crimson 

Pale  purple 

Very  pale  green 

White 

Good  pink,  almost  crimson 

Very  pale  punle 

Pale  greenish  blue 

White 

Pale  yellowish  pink 

PaleUue 

Very  pale  yellow 

Venr  pale  lilac  Uue 

Yellow  green 

WUte 

Fine  lilac 

White 

Fine  yellow  green 

WUte 

Fine  lilac 

WUte 

Fine  yellow  green 

WUte 

Pale  lilac 


Virtual  poles 


The     middle, 
tint 
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In  order,  however,  to  avoid  the  efibct  of  the  dispersive 
which,  at  such  considerablp  obliquities,  would  render  the 
vationa  hable  to  some  uncertainty,  I  cut  another  plate  in 
manner  that  the  perpendicular  to  its  surface,  instead  of  i 
ing  nearly  with  the  optic  axis,  was  directed  very  nearly  to 
the  virtual  poles.     Its  thic-kness  was  tlien  gradually  redm 
liie  manner  above  described  for  sulphate  of  baryta, 
owing  to  the  nature  of  the  body,  it  was  found  imp-: 
avoid  the  necessity  of  re-polishing  the  posterior  surface  at 
operation ;   but  as  this  was  done  with  all  possible  care, 
very  shght  error  can  have  arisen  from  this  cause. 


Table  V.—Rociielie  Salt.     Thickness  =  O-HolH  i\ 


.  Vny  pole  bluish  green.  , 


e,  tinged  with  orwipe 
iwiKh  or  greenuh  white  Fi 
Very  pdli!  grefaiish  blue       * 
Dullblue. 


Very  line  inlense  indigo 

Fuiple,  nCher  sOEnbre 

Indrfftrent  purplish  pink 

Yellowi^  pink  white 

White  inclining  to  orange 

Yellowish  white 

H  very  biiUiani  ■  . 


S5S  30 

S50  21 

S48  5 
S45  45 

MS  30 

S40  S5 

S3T  30 
S3T  0 
S3*  90 


Pale  pink  yellow 

Pinkish  purple 

" '  h  Bombre  purple,  son; 

ff)«l  fiery 

Pale  green 

Extremely  pale  green  . . 

White 

1  he  riehest  dnmask  crhna 
Livid  impurfect  purple.. 

Pale  bluish  green 

Pink,  apprOBching  to  red 
Sky  blue 


inge  . , 


}  10 
S85  46 


Sky  blue,  inclining  to  lilac 

Pale  bluifih  green 

Splendid  yellow  green  , . . . 

Richlilac 

Splendid  green 


LiJacblue. 

White 

t   splendid  green  yellow 
White 

Pale  lilac 

le  yellow  green.. . 


.  White,  n 
.  Pale  violet 
. ,  Sombre  indigo,  inclining  to  violet, ' 

narrow,   and  w«Q  ddincd 
.  Sombre  violet  white 
.  Very  pale  greenish  yellow 

.  White,  tinged  with  greenish  yeUow 

,  Fine  crimson 

.  The  richest  deep  damask  ei 

.  Invid  iniperfccl  purple 

iFine  pale  green 

.  While 

Fine  rich  crimson 

Pale  blue  gnwn 

Light   pink,    stron^y   inel 
orange  red 

Pale  greenish  blue 

Fine  yellow 

Fine  pink,  a  little  put^e 

Splendid  green 

BichWac 

W^ite 

Splendid  yellow  green 

While 

Pale  lilac  blue 

White 

Pale  eteenish  yeUow 

Fine  EUc 


J 
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[ere  tbe  virtual  pole  was  coiDcident  with  the  fifth  maximum 
thereabouts)  of  the  extraordinary  ray  from  the  pole  P ;  the 
session  of  tints,  however^  unless  close  to  the  virtual  pole,  is 
tted,  in  order  to  shorten  the  table. 

Table  YL—Rockelle  Salt.     Thickness  =  0-08667  in. 


0' 


90 

0 

80 

S5 


15 
45 

50 
45 

40 


Ordinary  pendL 


Good  li^  pink. 


Very  pale  yellow  green. . . . 
Very  pale  yellow  green. . . 
Very  pale  blniih  green  . . . 

Indigo. 

Pale  violet  . . .  ^ 

White 

Very  pale  greeniah  yellow 

Pale  greenish  yellow 

Pale  pinkish  yellow 

Pale  pink. 

Giinisaii v...^. 

Rich  fiery  damask  crimson 
Livid  imperfect  purple .... 

Fine  light  green 

Voy  j^ile  green.  .......'. 

Oood  crimson •.... 

Crimson,  almost  scadet,&c. 


£xtnKndinaTy. 


light  hlne 


Bluish  purple 

Violet 

Very  light  pink,  or  pinkish  white 

Very   psle  yellow,    almost  idiite 

Very  pale  ydlow 

White,  pedRecdy  equal  and  aUke. . . 

Pale  lilac 

Sombre  lilac  purple 

Dull  and  impure  blue 

Pale  ydlow  green 

YcUow  grecA 

Very  piUe  yellow  p^cn 

Very  pale  pink  yiSow 

Knepink 

Splendid  crimaoB 

^ue  green 

Pale  Wue  green,  Ac 


Pole    P 

Exed 
endi 


ViYtaalpofe 


n  this  plate  the  virtual  pole  fell  about  half  way  between  the 
rth  maximum  and  the  fiiUi  minimum  of  the  extraordinary  ray 
a  the  apparent  pole  P  for  the  mean  red  rays.  When  once 
re  ground  down^  it  gave  as  follows  : 

Table  YIl.—Rochelle  Salt.     Thickness  =  005437  in. 


Ordinary  pendl. 


gy 


25 


90 


50 


25 


S3 


50 


to 


Fine  pink 

Indiment  purjdb ..... 
Indifierent  lilac  pink  • . 
Pale  yellow,  inclining 

orange 

Fine  piale  ydlow  

YeUowirii  iHiite,    or  pole 

yellow ••••• 

tWTiite 


Very  pale  bine  •  • . 
SoB^bre  ind%o . . .  < 
Very  pale  bme..., 
Vdlow  green. .  •  • , 
Pfek  yeUow  green 


Extraordinary. 


Fine  light  blue  green 

YeUowiA  white 

Veiy  pale  greenish  yeUow 


Blue,  rather  pale. • 

BeMrtiful  sobre  hidigo 

Viokt 

White,  with  an  almost  imperceptible 
tmge  between  ydbw  and  violec.  • 
Ydlow  white 
PaUyeUow  white 
Eztremdy  pale  j^nk  white 
Lilac  pink 
Deep  19ae  pink 

Kich,  b«l  aombiie  pupliih  crimson 
DuUpuple 
Good  bfaie  green 

Wbite 


White 

Very  pale  pink. 

Deep  fiery  crunson  ••••••• 

Very  dull  purple  ignaaUbS^  White 

Blue {Pink  ydlow 

Very  pale  bhie,  &c IWdl  anrnge;  boidelfag  CB^fli^  Afc. 


Ben]aifca,&c. 


Pde    P    for 
mean  red  im# 


larinddenoe 
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III.  Oh  tlie  Causes  of  these  Phenomena. 

The  developemeiit  of  colour  along  the  axis  of  double  refrac- 
tion is  at  first  sight  analogous  to  the  production  of  the  secondary 
tints  along  the  axis  of  rock  crystal,  discovered  by  M.  Arago,  and 
recently  explained  by  M.  Biot,  in  a  masterly  memoir  communi- 
cated to  the  Academy  of  Sciences,  on  the  hypothesis  of  a  force 
inherent  in  its  molecules  independent  of  their  state  of  aggrega- 
tion, by  which  tliey  communicate  a  rotation  in  an  invariable 
direction  to  the  axes  of  polarisation  of  the  luminous  rays.  And 
this  analogy  is  partially  supported  by  the  fact,  that  the  tint  deve- 
loped along  the  axis  descends  in  the  scale  of  colour  as  the 
thickness  increases. 

A  more  scrupulous  examination,  however,  will  show,  that  its 
origin  must  not  be  sought  iu  aoy  cause  of  this  nature,  for  (not  to 
mention  the  impossibility  of  explaining  the  phenomena  of  the 
virtual  poles  by  this  hypothesis)  if  we  place  the  principal  section 
of  the  crystal  in  the  azimuth  zero,  the  extraordinary  image  will 
be  found  to  vanish  completely  for  every  angle  of  incidence,  and 
whatever  be  the  thickness  of  the  plate.  I  may  add  too  that  I 
have  in  my  possession  a  crystal  of  quartz,  which  exhibits  with 
tolerable  distinctness  in  some  parts  the  phenomena  of  two  axes,  i 
and  the  appearances  produced  by  the  interference  of  the  second 
dary  tints  in  this  specimen;  while  they  agree  completely  with, 
M.  Biot's  explanation,  differ  entirely  from  those  which  form  th» 
subject  of  this  paper. 

Neither  are  the  phenomena  above  described  explicable  on  anyi 
supposition  of  a  peculiar  action  of  the  crystal  on  the  differentljcc 
coloured  rays,  analogous  to  its  ordinary  or  extraordinary  diapen' 
sive  power,  by  which  the  periods  of  alternate  polarisation  of  th& 
molecules  of  some  colours,  should  be  lengthened,  and  of  other* 
contracted,  so  as  to  disturb  that  exact  proportionality  to  theis 
periods  of  easy  reflection  and  transmission,  which  M.  Biot  has 
proved  to  be  a  necessary  condition  for  the  production  of  th^ 
tints  of  Newton's  scale.  It  is  true,  such  laws  of  action  may  bei 
iiaagined,  and  I  shall  presently  show  must  really  exist;  in  aXt 
crystals  probably  to  a  small  extent,  but  in  two  instances  at  leaslj^ 
to  a  surprising  degree.  But  this  alone  will  avail  us  nothing.  To. 
show  this,  and  at  the  same  time  obtain  a  general  analyticift' 
expression  for  the  tint  developed  at  any  inclination,  and  f 
every  hypothesis  of  the  action  of  the  crystal  on  the  differeni  ^ 
coloured  molecules,  let  ua  denote  by  c  the  length  of  a  complete 
period  of  easy  transmission  and  reflection,  or  the  extent  of  oritf 
pulse,  on  the  undulatory  hypothesis  in  vacuo,  and  at  a  perpeodH 
cular  incidence  for  any  homogeneous  ray,  and  let  C  denote  itt 
colour  and  proportional  intensity,  or  illuminating  power,  in 
prismatic  spectrum.  Then  will  the  formida  representing  a  beam 
of  white  light  intromitted  into  the  crystal,  be 

C  +  C  +  C"  +  &c. 
from  one  end  of  the  spectrum  to  the  other. 
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Let  n  be  the  number  of  periods  (each  consisting  of  a  double 
alternation)  and  parts  of  a  period  performed  by  the  elementary 
pencil  C,  in  its  passage  through  the  medium :  then,  according  to 
the  theory  of  M.  Biot,  when  n  is  0, 1,  2,  3, 8cc.  ad  inf.  tfie  pencil 
will  whouy  pass  into  the  ordinary  image  ;  but  when  the  yalues 
of  n  are  -J-*  h  h  ^c-  ^^  will  wholly  *  be  thrown  into  the  extraor- 
dinary one,  and  in  the  intermediate  states  of  n,  partly  into  on6» 
and  partly  into  the  other.  These  conditions  are  satisfied  if  we 
represent  by  sin.*  {n  tt)  the  intensity  of  the  ray  in  the  ordinary 
image,  taking  unity  for  its  oridnal  intensity;  and  it  will,  1 
believe,  be  found,  that  the  gradation  of  intensity  given  by  this 
formula  for  the  intermediate  values  of  n,  will  agree  sufficient^ 
with  thejudgment  of  the  eye  to  warrant  its  adoption.f  The  part 
of  the  elementary  pencil  C  then,  which  enters  into  the  extraor- 
dinary image,  will  be  C.  sin.*  (n  w).  Let  us  denote  by  S  {C.  sin.* 
(n  tt)  }  the  aggregate  of  all  such  elements  from  one  extremity  of 
the  spectrum  to  me  other,  or  take 

S{C.  sin.*  (n  %)}  =  C.  sin.*  (n  tt)  +  C\  sin.*  (»'  w)  +  &c. 

Then  will  this  expression  represent  the  tint  developed  in  the 
extraordinary  image,  and,  consequently,  S  {C.  cos.*  (n  tt)}  that 
in  the  ordinary  one. 

Now,  n,  the  number  of  periods  performed  depends,  first,  on 
the  na,ture  of  the  ray,  or  on  c ;  secondly,  on  the  intrinsic  enei^ 
of  the  action  of  the  medium  on  that  ray  ;  and  thirdly,  on  the 
direction  of  its  course,  the  thickness  of  the  plate,  and  whatever 
other  cause  or  limit  of  periodicity  may  nappen  to  prevail* 
Hence  we  may  take  n  =  m  x  k,  k  being  a  tunction  of  c,  de- 
pendent only  on  the  nature  of  the  body  through  which  the  ray 
C  passes,  and  M  beir^  a  certain'' multiplier  whose  form  we  shaU 
consider  presently.  Tnis  substitution  madc^  the  expression  for 
the  tint  becomes  S  {C.  sin.*  (M  k.  9r)} 

In  the  theory  of  the  Newtonian  colours  of  thin  plates  and  the 
polarised  rings  in  crystals  with  one  axis,  the  multiplier  M  is 
independent  on  c,  varying  only  with  the  direction  of  the  ray  and 
the  thickness  of  the  plate.  It  is,  therefore,  the  same  for  ml  the 
coloured  rays,  and  the  tint,  for  any  value  of  M,  will  be 

*  The  amplitude,  or  total  extent,  of  each  oscillation  of  the  plane  of  polarisation  it 
hoe  supposed  90^,  in  which  case  the  contrast  of  colour  in  the  two  pencils  is  at  ita  maxi* 
mnm.  This  is  the  case  in  the  situation  we  are  considering,  but  in  general  the  intensi^ 
of  the  extraordinary  ray^  instead  of  being  represented  by  sin.*  n  tt,  will  have  an  addi<* 
tioDal  factor,  a  function  of  the  azimuth  A  of  the  principal  section  of  the  crvstalliaed 
plate  and  the  position  of  the  refracted  ray,  and  which  becomes  unity  when  A  =  45^, 
'  and  the  plane  of  incidence  is  that  of  the  principal  section.  It  is  on  t^  factor  ^t  the 
gradation  of  brightness  in  the  isochromatic  lines,  and  the  black  cross  or  hyperbolie 
hranches  which  intersect  them,  depend.  But  it  is  not  my  intention  at  present  to  enter 
n  this  part  of  the  subject,  for  reasons  to  be  explained  further  on. 

"^  No  part  of  our  subsequent  reasoning  depends  on  the  form  of  this  function.  It  is 
sufficient  to  know  that  it  must  be  a  periodical,  and  even  function  of  n.  It  is  ovlj^  in  the 
computation  of  niunerieal  values  that  it  is  necessary  to  make  any  more  precise  as^ 
sompdon. 

New  Series,  vol.  i.  i 
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Csia-MM/tTT)  +  C  8in/-(Mft'7r)  +  &c. 

Now,  suppose  M  to  begin  from  zero,  and  to  pass,  by  a  varia- 
tion either  in  the  direction  of  the  ray  or  tliickness  of  the  mediuio, 
ax  both,  through  all  gradations  of  value,  to  infinity,  or  to  its 
maximum,  if  not  susceptible  of  in&nite  increase:  then  we  aee  that 
jbr  every  value  of  M  a  certain  peculiar  tint  will  arise,  and  that, 
.provided  M  commence  at  zero  and  continue  increasing,  the  game 
succession  of  tints  will  invariably  be  developed  in  the  same  order. 
Consequently,  if  we  fix  upon  any  two  tints  in  tliis  scale  of  colour, 
or  any  two  values  of  M,  the  same  succession  and  the  same  nuni- 
ber  of  alternations  of  colour  must  invariably  intervene  betweoi 
.them,  however  we  pass  from  one  to  the  other. 

In  a  crystal  with  two  or  more  axes,  the  value  of  M  for  any  ray 
C  must  of  course  be  zero  in  the  direction  of  the  asis,  and,  thece- 
fore,  if  the  same  supposition  of  the  independence  of  M  oji  c.be 
made,  the  same  conclusions  should  follow  ;  namely,  first,  that 
the  extraordinary  ray  musi  always  vanish  in  the  pole,  whatener 
be  the  thickness  of  the  plate  ;  and,  secondly,  that  the  same  suo- 
ceseion  and  number  of  alternations  of  coloin  should  intervene 
between  the  pole  and  any  assigned  unequivocal  tint,  such  as 
black,  or  the  pure  brilliant  green  of  the  third  order  of  NewtwU 
scale.  Both  these  conclusions  are  totally  at  variance  with  tlH 
facts  above  detailed,  as  to  the  developetnent  of  colour  in  the 
f  oles,  and  the  situation  in  the  order  of  the  rings  of  what  we  base 
called  the  virtual  poles,  Hexice  we  are  necessitated  either  ,to 
give  up  the  theory  of  alternate  polarisation  altogether,  or  to 
.-admit  the  dependence  of  the  multipUer  M  on  i',  or  on  the  natiKB 
of  the  ray.     Let  us  see  to  what  this  will  lead  us. 

According  to  the  theory  of  the  polarised  rings,  if  exteodfidita 
■ciystals  with  two  axes,  the  number  of  periods  performed  irna 
given  space  (=  1)  by  a  molecule  of  a  given  colour,  transmitifld 
m  a  direction  making  angles  d,  S',  with  the  axes,  can  only  beA 
fimction  of  the  form  k,  +  (fl,  S'),  k  depending  on  the  intensity  of 
the  polarising  force  ;  or,  as  before,  being  a  function  of  c,  the 
nature  of  the  ray,  and  of  the  intrinsic  energy  of  the  molecules  jOf 
-the  crystal.     Mow  if  we  call;  the  thickness  of  the  plate,  andfp 

the  angle  of  refraction, is  the  length  of  the  path  described,^ 

and,  therefore,  we  must  have  for  the  number  of  periods 

SO  that  the  value  of  M  must  be  —      '   ',  which  must  be  a  fuDC- 

tion  of  c.  Now  t  is  obviously  independent  of  it ;  and  if  we  n^- 
iect  at  present  the  very  trifling  efiect  at  moderate  incidences  of 
the  ordinary  dispersive  powers  of  the  media  examined,*  f  is  so  alas. 

■  It  i*  ass  «»  "e  that  in  the  two  dass«B  of  crjstak  above  deKribed,  the  effects  tt 
the  dupeEdve  poweig  will  bs  oppceite  to  each  other,  in  one  oppoiong,  nnd  in  the  «Ak 
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it  is,  therefore,  in  the  form  of  the  functioa  4^  (^>  O  ^^  we  must 
look  for  the  cause  of  the  phenomena ;  and  since,  we  have  6^  s 
0  +  2  «,  2  a  being  the  angle  between  the  axes  (because  thq. 
obeenrations  are  made  in  the  principal  section)  we  see  that. 
•^{6,  6  •{-  2  a)  must  involve  c,  and  consequently,  i  being  arbi-. 
tiaiy  and  independent,  a  must  be  a  function  of  c.  In  order  then 
to  render  the  theory  of  alternations  applicable,  we  must  admit, 
the  angle  between  the  axes  of  double  refraction  to  differ  in  the^ 
same  cFystal  for  the  differently  coloured  rays.  We  must  now. 
diow  that  this  supposition  is  sufficient  to  represent  the  pheno* 
mena  correctly. 

The  symmetry  of  the  rings  and  total  evanescence  of  colour  in 
the  principal  section  at  an  azimuth  zero,  requires  that  the  axes 
of  flJl  the  different  colours  shall  be  symmetrically  arranged,  pa 
d&er  side  of  a  fixed  line  (which  may  be  called  the  optic  axis^ 
ia  this  plane,  or  in  one  perpendicular  to  it«  At  present  we  need 
oidy  consider  the  former  case.  Let  a  represent  the  angular  dis- 
tance of  the  axis  for  any  one  standard  species  of  ray  C  (the 
eitreme  red,  for  instance)  from  this  line,  a  +  ^  a,  the  same 
distance  for  any  other  ray.  Then  the  distance  of  the  transmitted. 
layC,  from  the  axes  of  rays  of  that  colour  being  6,  &^,  the  corre- 
sponding distances  from  their  respective  axes  for  rays  of  any. 
other  colour  C  emerging  in  the  same  direction  will  be  d  —  §  a 
+  J  ^  and  d'+Sa  +  df,  8f  being  the  difference  (=  <p'  —  f ) 
of  the  angles  of  refraction,  corresponding  to  the  same  incidence, 
jor  the  colours  C,  C'^.  The  positive  values  of  6  here  reckon^ 
outwards  from  the  pole ;  ^  a  is  negative  for  crystals  of  the  second 
class,  and  $  (p  is  negative  or  positive  accordii^  as  C  or  C^  is  the 
less  refrangible  colour. 

Let  us  for  a  moment  consider  rays  of  only  these  two  colou^^ 
The  portion  of  the  extraordinary  pencil  due  to  them  will  be 

C.sin.-  (1^4.  (9,0.^)  +  C'.  sin.*  (-^  4.  («  -  8  «  H-  ^T, 

The  rays  of  these  colours  of  the  same  order  in  thetirirespectiin^ 
series  of  rings,  will,  therefore,  coincide,  and  "that  in  4he  pro{>er 
degree  of  proportional  intensity  for  the  production  ^  a  white 
image,  provided  we  suppose 

-i-.4.  (fl,0  =  z;S~7.4'(9- Ja  +  5^,r +  Sa  +  ??);    (ft) 

COB*  ^  Cub.  <p 

which,  since  A,  k\  ti,  8  «,  are  constant  elements,  ^,  9'  determi- 
nate functions  of  9,  and  d'  =  ^  +  2  a,  suffices  to  determine  fi. 

If  we  suppose  C  and  C  to  represent  the  extreme  red  and 
violet  rays,  it  is  evident  that  the  coincidence  of  the  extraordi- 

conspiring  with  the  causes  which  produce  the  deviation  of  tints.  In  the  tablei,  No«.  V, 
VI,  VII,  where  the  virtual  poles  were  observed  almost  at  a  perpendicular  incidence,  the 
influence  of  the  dispersive  power  is  quite  insensible. 

12 
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nary  pencils  of  the  same  order  for  these  two  extremes,  will  ensure 
that  of  the  intermediate  ones,  at  least  very  nearly.     It  would  do 
■0  precisely,  were  the  value  of  £  a  for  any  intermediate  ray,  such 
a  fiinction  of  A  as  would  result  from  making  fl  constant  in  the 
preceding  equation,  because  the  two  laws,  that  of  the  dispersion 
of  the  axes,  and  that  of  the  magnitude  of  the  rings  of  different 
colours,   would   then   act  in.  exact  opposition  to    each  other 
throughout  their  whole  extent.     It  is  in  fact  a  case  precisdj" 
analogous  to  that  of  the  compound  achromatic  prism,  where, 
the  law  of  dispersion  in  the  qne  medium  were  identical  with  ' 
in  the  other,  a  perfectly  colourless  pencil  would  emerge, 
when  these  laws  differ,  the  coincidence  of  the  red  and  viol 
rays  ensures  an  approximate  coincidence  of  all  the  rest.  Shoi 
these  laws,  however,  differ  very  considerably,  an  uncorrecl 
colour  will  appear  at  the  point  so  determined,  and  a  nea 
approximation  will  be  obtained  by   uniting   two  of  the  moi 
powerful  intermediate  rays,  such  as,  for  instance,  the  mean 
and  the  blue,  or  hmit  of  the  green  and  blue. 

This  then  is  the  origin  of  the  virtual  poles  or  points  beyond 
or  between  the  axes  where  the  tint  rises  to  a  white  of  the  first 
order,  more  or  less  feeble,  or  even  to  an  absolute  black ;  and 
we  may  now  see  the  reason  why  the  tints,  in  reckoning  from 
these  points,  approximate  in  a  general  way  to  the  Newtonian 
scale.  In  fact,  the  periods  of  the  more  refrangible  rays  being 
performed  more  rapidly  than  those  of  the  less,  it  we  suppose  the 
coincidence  above  spoken  of  to  lake  place  at  any  point  (the 
minimum  for  instance)  of  the  jith  ring,  the  intervals  between 
the  «th  and  (n  +  l)tli  minimum  will  be  greatest  for  the  red,  and 
least  for  the  violet,  &c.  Consequently,  when  the  violet  next 
disappears  totally  from  the  extraordinary  pencil,  there  will 
remain  yet  a  little  of  the  red,  less  of  the  orange,  and  so  on,  and 
this  difference  increasing  at  e  very  succeeding  minimum  on  either 
side,  will  produce  a  succession  of  colours  approximating  in  a 
general  way  to  Newton's  scale'.  This  approximation  will,  how- 
ever, be  much  less  close  on  the  side  of  the  virtual  pole  towards 
the  nearest  axis,  because  the  disturbing  influence  of  the  separa- 
tion of  the  axes  on  the  figure  of  the  rings  and  the  law  of  their 
successive  intervals,  is  much  more  sensible  than  at  a  distance 
from  the  pole.  This  will  be  evident  if  we  consider  that  in  the 
interval  between  the  extreme  coloured  axes,  the  tints  will  be 
regulated  entirely  by  the  law  of  their  distiibution.  Now  this  is 
perfectly  corroborated  by  the  succession  of  tints  in  the  foregoing 
tables,  as  well  as  by  numerous  experiments  made  ou  other 
bodies. 

(To  U  co'-lhued.) 
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ANNUAL  RESULTS. 

Barameter. 


^H^   lot 


Highest  obsei'vation,  Jaii.  9.     Wind,  N.E 30-900 

lowest  ditto.  Oct.  17.     Wind,  S 28-050 

Range  of  the  mercury 2'850 

]\kan  annual  barometrical  pressure 2i)'6i1 

Greatest  range  of  the  mercury  in  Jan.  (in  «me  days)  . .  2'  660 

Least  ditto,  ditto,  in  December O'850 

Mean  annual  ran;>;e  of  ditto 1*505 

Spaces  described  by  ditto 80'950 

Total  number  of  changes  in  the  year ,  169'000 

^  Six's  Thermometer. 

^Greatest  observations,  June  26  and  27.    Wind  N,  and 

var 85-OOff 

Least  ditto,  Jan.  1.     Wind,  W 7-000' 

Jtange  of  the  mercury  in  the  thermometer '^''*?^ 

Mean  annual  temperature 46'9w 

Greatest  range  in  June 45'9D0^ 

Least  ditto  in  November aS'"""' 

Mean  annual  ditto 34- 

Winds. 

North  and  East 

North-east  and  South-east. 66-000  ] 

South  and  West 93-000  i 

South-west  and  North-west 121-000  1 

Variable 2100Q«j 

Rain,  SfC.  j 

Greatest  quantity  in  May ' 4-250* 

Least  ditto  in  September l-630'*i 

Total  amount  for  the  year 29-430  ' 
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AiVFfcLfi-  XI. 

Observatum»  an  Mr.  Perkins's  Account  of  the  Comffremhility  of 
Water.     By  P.  M.  Roget,  MD.  BUS.  &c. 

(To  the  Editor  of  the  Annak  of  Fkilosephy.) 

.  On  reading  the  account  which  Mr.  Perkins  haa  lately  given 
k  in  tbe  Philosophical  Transactions,!'^  of  his  very  interesting  ezpc^ 
I  insents  on  the.  compressibility  of  water,  from  wUch  he  bus* 
deiuced  a  result  differing  widely  from  that  of  Mr.  Canton  ;  and 
being  desirous  of  ascertaming  the  exact  quantity  by  whitytbe^^ 
differed,  I  was  induced  to  calculate  the  degree  of  compresaiov) 
which  was  produced  by  the  piezometer  in  the  first  esperimenlyj 
&om  the  data  furnished  by  Mr.  Perkins,  and  was  thus  leA  to  the' 
discovery  of  a  very  material  error  which  he  has  committed  in  his  > 
computation.  He  states  the  compression  affected  by  a  pressure. 
of  100  atmospheres  to  be  "  about  one  per  cent ;''  whereas  the 

real  amount  of  the  compression  was,  in  fact,  only  ^t^;^;,,   or  a 

Kttle  less  than  one-half  per  cent,  as  may  easily  be  verified  by  any 
oa^'who  vnll  be  at  the  trouble  of  eoing  through  the  calculation. 
It  is  remarkable  that  this  amended  result  agrees  very  nearly  with 
that  of  Canton.  This  will  be  best  evinced  by  computing  the 
heights  of  the  modulus  of  elasticity  of  water,  m  the  two  cases, 
according  to  Dr.  Young's  method.  As  deduced  from  Canton^s 
experiments,  the  height  of  the  modulus  is  750,000  feet ;  f  while 
those  of  Mr.  Perkins,  when  correctly  computed,  would  show  it" 
to  be  743,260  feet — the  difference  being  less  than  one-hundredth 
of  the  whole.  So  near  an  agretiement,  in  experiments  conducted 
by  different  methods^  is  very  satisfactory,  and  bears  the  stronger 
testimony  in  favour  of  the  accuracy  of  those  of  Mr.  Perkins,  in 
as  much  as  he  was  himself  not  aware  of  that  agreement.  It  is 
much  to  be  wished  that  this  gentleman,  to  whom  science  and 
the  arts  are  already  much  indebted,  will  persevere  in  the  prose- 
cution of  his  interesting  inquiry,  by  the  aid  of  the  ingenious 
apparatus  he  has  invented,  and  from  which  the  discovery  of 
many  curious  and  important  facts  may  be  expected. 

I  am,  dear  Sir,  most  truly  yours, 

F.  M.  ROGET. 
*  For  18^,  Part  II.  p.  324.        f  Young's  Lectures  on  Natural  Philosophy,  L  976. 


New  Substance  in  Ironstone.  [Feb. 


Article  XI F. 

Deicriptiiiit  of  a  new  Substance  found  in  Ironstone. 
By  the  Rev.  J.  J.  Conybeare, 

(To  the  Editor  of  the  Annals  of  Philosophy.) 


r 

^^M  Mr  DEAR  SIR,  Bath  Emtm,  Jan.  IT,  IS!1. 

^M  DuRiNii  a  visit  to  South  Wales  in  the  course  of  last 
a  Bubstance,  found  in  the  ironstone  of  Mezthyr  Tydfil, 
into  my  hands  for  examination.  It  appears  to  me  to  differ  from 
all  the  varieties  of  bituminous  matter  hitherto  discovered,  sufE^ 
ciently  to  form  a  separate  species.  Should  my  opinion  b»' 
correct,  I  would  propose  that  it  should  be  distinguished  by  tl»i 
name  of  Hatchetine,  in  reference  to  the  eminent  chemist,  to 
whom  we  are  indebted  foi  the  most  valuable  contributioni*. 
towards  the  history  and  analysis  of  this  class  of  natural  sul>-  I 
stances.     I  remain.  Sir, 

With  much  esteem,  yours  sincerely, 

J.  J.  CoNVBEARE. 


TTie  colour  varies  from  yellowish- white  to  wax  and  greenish-  ^ 
yellow,  ' ' ' 

The  texture  is  sometimes  flaky  (like  that  of  spermaceti)^* 
sometimes  subgranular,  hke  that  of  bees'  wax.  ^ 

The  lustre  ia,  intheflaky  variety,  slightly  ghsteningand  peariy;"' 
in  the  other  dull. 

The  transparency  is  in  the  flaky  (especially  in  tfain  laminte)  con-, 
eiderable:  other  specimens  are  opaque. 

It  is  very  sofl,  not  harder  than  soft  tallow. 

It  has  no  elasticity,  and  no  odour. 

IX  is  very  fusible  ;  melts  when  placed  in  warm  water  under  i 

170". 

It  is  very  Hght. 

Tlie  only  analogous  substances  to  which  Hatchetine  might' 
be  compared  are  petroleum  and  elastic  bitumen.  From  tha^', 
former,  it  differs  in  its  consolidation ;  from  both,  in  the  greatai*! 
part  of  its  external  character,  and  in  its  want  of  smell.  Itmdtlt'^ 
under  170",  whereas  thin  bitumen  does  not  melt  even  in  boilinglj 
water.  Like  elastic  bitumen,  it  is  readily  soluble  in  ether  ;  and  ■ 
each  solution,  by  spontaneous  evaporation,  leaves  a  viscid  oily  ■ 
matter  in  separate  drops,  but  that  Irom  Hatchetine  ia  still  inodft-"^ 
Tous  ;  while  that  from  elastic  bitumen  retains  strongly  the  pecu- 
liar smell  of  that  substance.  Hatchetine  distilled  over  the  naked  i 
flame  of  a  spirit-lamp  assumes  the  bituminous  smell,  and  gives  I 
jQver  a  butyraceous  substance  of  a  greenish-yelloWj  coaly  matt~ 
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remaining  in  the  retort* ;  at  a  lower  heat,  it  gives  over  a  light  oil. 
I  have  no  means  of  ascertaining  its  ultimate  constituents  ;  but 
have  little  doubt  that  the  above  characters  are  sufficient  to 
authorize  our  considering  it  as  distinct  from  petroleum,  asphalt^ 
and  elastic  bitumen,  the  only  three  species  (with  the  exception 
of  retinasphalt,  which  occurs  under  very  different  geognostic 
relations,  and  appears  to  be  the  result  of  a  very  different  natural 

Srocess)  into  which  substances  of  this  class  have  hitherto  been 
ivided  by  mineralogists. 

The  Hatchetine  is  found  filling  small  contemporaneous  veins 
fined  with  calcareous  spai*  and  small  rock  crystals  (termed  the 
Mezthyr  diamonds)  in  tne  ironstone. 


Article  XIII. 

EUctro^magnetic  Experiments. 
(To  the  Editor  of  the  Annals  of  Philosophy.) 

SIR,  Cambridgey  Jan.  $2, 1821. 

If,  as  I  imagine,  the  following  electro-magnetic  experiments 
are  new,  you  wQl  oblige  me  by  inserting  them  m  the  next  number 
of  the  Annals  of  Philosophy. 

A  weight  was  suspendedf  from  a  small  horse-shoe  magnet ;  on 
connecting  the  north  pole  of  the  magnet  with  the. copper  side  of 
a  pair  of  galvanic  plates,  the  weight  was  attracted  more  strongly  ; 
on  reversing  the  wires,  it  fell. 

A  small  ma^etic  bar  being  placed  in  the  galvanic  circuit,  its 
south  pole  being  in  connexion  with  the  positive  end  of  the  bat- 
tery, the  magnetism  was  destroyed  in  half  a  minute. 

A  connecting  wire,  l-15th  of  an  inch  diametei^  being  pFaced 
horizontally  in  the  plane  of  the  magnetic  meridian^  over  a  com- 

Sass,  the  deviation  of  the  needle  was  between  80®  and  90° ;  in 
Oersted's  experiments,  it  is  stated  to  be  about  45®. 
On  using  a  smaller  wire,  the  deviation  was  diminished ;  and 
when  the  diameter  of  the  wire  was  l-200th  inch,  it  was  less 
than  20®. 

This  diminution  of  the  deviation  took  place  whether  the  small 
wire  were  immediately  over  the  compass,  or  interposed  in  any 
other  part  of  the  circuit. 

When  the  connexion  was  made  at  the  same  time  by  the  two 
above-mentioned  wires,  the  smaller  being  three  inches  long,  the 
longer  five  feet,  the  needle  of  a  compass  placed  under  the  smaller 
deviated  about  10®  ;  that  of  another  under  the  larger  deviated 

^  ElMtic  bitumen,  at  the  same  heat,  gives  over  a  yellowiah  oil  perfectly  fluid. 


On  Electro-magnetic  Experiments.  [f  E^. 

80°,     On  removing  the  larger  wire,  the  deviation  anJer  tils 
smaller  increased,  Kc. 

When  the  circuit  was  made  by  a  glass  tube  filled  with  mer- 
cury, the  deviation  was  the  same  as  with  a  wire  of  the  same 
thickness  ;  but  on  removing  the  mercury,  and  coating  the  tube 
with  silver  leaf,  the  deviation  was  not  more  than  between  £° 
and  10°. 

The  electro-magnetic  influence  was  not  diminished  bynusinU 
the  connecting  wire  to  a  red  heat;  but  on  interrupting  the  ciretut 
by  water,  it  was  destroyed,  though  the  connecting  wire  placei 
immediately  over  the  compass  decomposed  water  at  each  eod. 

If  the  connecting  wire  were  bent  alternately  from  W,  to  S.  and 
from  S.  to  N.  the  magnetic  needle  deviated  to  the  W,  of  the  N. 
in  all  the  former,  and  to  the  £^.  of  N.  in  all  the  latter  bendinga) 
whatever  were'their  number,  and  in  whatever  part  of  the  wire 
they  were  placed. 

When  the  connecting  wire  was  made  to  pass  from  N.  to  S. 
over  the  needle,  and  from  S.  to  N.  under  it,  the  electro-magnetic 
influence  was  doubled. 

A  single  pair  of  rather  large  plates  was  Ibund,  as  in  Oersted's 
experiments,  to  be  more  efficacious  than  a  number  of  plates  with 
theusual  arrangement ;  but  when  wires  from  all  the  zinc  plates  , 
were  conneeten  on  one  aide,  and  from  all  the  copper  plates,  on 
the  other,  the  electro-magnetic  influence  increased  with  the  nuU^ 
ber  of  plates. 

It  was  found  that  the  relative  quantities  of  galvanismgenerated 
in  different  experiments  might  be  estimated  with  great  rea^nestf 
and  accuracy  by  using  a  graduated  shde  canying  that  connecting 
wire  over  a  fixed  compass  with  a  standard  deviation. 

I  am.  Sir,  respectfully  yours,  J.  C. 


Akticle  XIV. 
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Unlersiiclitingen  uber  den  Magnetismus  der  Erde.  Von  Christo- 
pher Hansteen,  Professor  d«r  Angewandteu  Mathematik  ail 
dea  Norwegischen  Universitiit.     Christiania,  1819. 

Researches  on  the  Magnetism  of  the  Earth,  By  Professor  Kati- 
steen,  of  Christiania.     1  voL  4to.  650  pages. 

I  HAVE  just  received  a  copy  of  the  first  volume  of  tJiis  oetafc  | 
brated  work,  which  I  have  been  very  anxious  to  see.     I  arirf  . 
nnwilling  to  peruae  it  till  I  recover  the  Atlas,  which  ougbt  ttt 
have  accompanied  it,  and  which  has  been  unfortunately  lost  on 
the  way  between  Christiania  and  London;  but  I  cannot  avoid 


J 


182r.]  Analyses  of  Books.  139 

nnmediately  annoDncing  it  to  the  publie,  and  pointing  out  tbe^ 
importance  of  publishing  it  in  an  English  translation.  I  shaffi 
Hdce  a  future  opportunity  of  giving  a  detailed  account  of  it  tO' 
the  readers  of  tne  Annals  of  Philosophy.  At  present  I  shdF 
merely  give  the  titles  of  the  great  divisions  of  the  work,  and  add. 
some  indportant  facts  and  corrections  which  Professor  Hansteen 
Has  pointed  out  to  me  in  a  letter,  dated  Christiania,  Nov.  21, 
1820. 
After  an  introduction  of  14  pages,  P\rof.  Hansteen  treats  of> 

1.  Halley's  lines  and  of  their  motion  between  1600  and  1800. 

2.  Of  the  lines  of  inclination,  and  of  the  magnetic  intensity. 

3.  The  number,  position,  and  periodalgyration  of  the  magnetic 
poles  round  the  pole  of  the  earth.  5.  Calculation  of  Halley'tf 
Hues  from  the  first  imperfect  theory  of  Euler.  6.  MathematicaF 
theory  of  magnetism.  6.  Application  of  the  theory  of  magne- 
tism to  the  theory  of  the  magnetical  decUnation,  inclination,  and 
btensity,  in  a  given  place,  whose  geographical  position  is  known. 
7.  A  more  accurate  determination  of  the  position  of  the  magne- 
tical  axes,  their  size  and  relative  intensities.  8.  Of  the  daily 
variation  of  the  needle.  The  whole  terminates  with  very  ample 
tables  of  the  declination  and  dip  in  various  parts  of  the  eslrth. 

Prof.  Hansteen  requests  me  to  inform  the  pubhc  that  his 
seventh  chart,  showing  the  dip  of  the  magnetic  needle,  is  erro- 
neous, because,  when  projecting  it,  he  was  unacquainted  with 
the  original  observations  made  in  the  course  of  a  voyage  to  the 
Northern  Pacific  Ocean  by  Capt.  Cook  and  Mr.  William  Bayley. 
Led  astray  by  some  observations  of  Krusenstem,he  was  induced 
in  the  corrections  and  additions  to  his  work,  p»  21,  22,  to  con- 
tradict M.  Biot,  who  insists,  in  his  Traite  de  Physique,  tom.  iii. 
p.  131,  that  the  line  of  no  dip  (magnetic  equator)  cuts  the  equa- 
tor of  the  earth  three  or  four  times.  "  But,"  continues  Prof. 
Hansteen,  "  Biot  is  in  the  right,  and  the  accompanying  cor- 
rected chart  shows  the  dipping  Hnes  in  the  Pacific  in  their  right 
form.  Your  mentioning  in  your  Annalsy  in  a  few  words,  that  I 
myself  acknowledge  my  error,  will  be  conferring  a  particular 
obligation  on  me." 

"  On  observing  the  oscillations  of  a  magnetical  steel  cyfinder, 
suspended  by  a  silk-worm  thread  in  a  small  box  with  glass 
openings,  I  have  made  the  curious  discovery  that  the  magneti- 
cal intensity  of  the  earth  has  a  daily  and  annual  variation.  By 
a  chronometer  of  Arnold's,  I  observe  five  times  every  day,  at 
stated  hours,  the  time  required  for  completing  300  vibrations ; 
and  these  observations  I  have  already  continued  for  neariiy  a 
year.  From  early  in  the  morning,  the  intensity  is  on  the 
decrease  until  between  10  and  11  o'clock  in  the  forenoon,  when 
ik  has  reached  its  minimum.  From  this  time  it  increases,  at 
first  slowly,  aftei*wards  more  rapidly,  till  it  reaches  the  maximum 
at  £our  o  clock  afternoon  in  me  winter,  and  between  si^ic  and 
eight  in  the  summer.    At  times  it  does  not  reach  this  maximum 
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till  about  ten  ia  the  evening.  In  the  winter,  the  intensity  is 
much  stronger  tliau  in  summer-  The  greatest  intensity  appears 
to  happen  in  the  month  of  January ;  the  least  happened  thi» 
year  (1820)  on  the  I3th  of  July.  The  daily  variations  are  much 
greater  in  summer  than  in  winter. 

"  Great  irregularities  occur  at  times,  especially  on  those  days, 
when  the  moon  passes  the  equator,  or  on  the  quarter  days  of  the 
moon.  Similar  great  changes  1  have  observed  during  tne  equi- 
noxes. The  influence  of  the  northern  lights,  as  already  observed 
by  Mr.  Humboldt,  is  very  remarkable,  and  frequently  it  does  not 
regain  its  former  strength  till  after  the  lapse  of  24  hours." 

"  I  have  likewise  found  in  the  same  manner  that  every  per- 
pendicular object,  of  whatever  materials  ;  for  instance,  a  tree, 
the  wall  of  a  house,  &c,  has  a  magnetic  north  pole  at  the  foot, 
and  a  south  pole  at  the  top," — T,  T. 


Ah  Euau  an  Chemical  Analysis,  chiefly  translated  from  the  . 
Fourth  Volume  of  the  last  Edition  of  the  Traite  tie  Chimit 
Eltrmnlaire  of  L,  J.  Thenard,  with  Additions,  comprehending^ 

the  latest  Discoveries  and  Improvements  in  this  Branch  ofiM. 
Science.  With  Flates.  By  John  George  Children,  FRSL. 
andE.  FAS.&c.  &c. 

Chemical  analysis,  owing  to  the  great  number  of  simple  sub- 
stances with  which  the  science  has  been  enriched,  and  the  con- 
sequent increase  of  compounds,  is  now  rendered  a  subject  of 
considerable  difficulty  and  complexity.  These  have,  however, 
in  many  instances,  been  fortunately  dmiinished  by  the  discovery 
of  the  doctrine  of  definite  proportions,  which  the  chemist  may* 
now  avail  himself  of  in  proof  of  the  justice  of  his  views,  and  the 
correctness  of  his  analyses.  It  must,  however,  at  the  same  time  be 
admitted,  that  this  discovery,  vast  as  its  importance  is,  is  liable 
to  be,  and  probably  has  been,  misused  by  some  who  have  deter- 
mined what  the  composition  of  a  body  ought  to  be,  rather  by  a 
comparison  of  numbers  than  by  the  slow  and  tedious  process  of 
analysis.  It  is,  however,  to  be  remarked  that  the  doctrine  of 
definite  proportions,  although  it  may  be  called  in  to  prove  the 
correctness  of  an  analysis,  ought  never  to  supply  the  place  of 
one — I  do  not  mean  that  it  is  aot  allowable  to  form  conjectureB 
as  to  the  composition  of  bodies  by  the  aid  of  the  atomic  theory; 
I  only  mean  that  these  conjectures  should  not  be  stated  as  facta 
to  be  absolutely  relied  on. 

Mr.  Children  has  stated  so  clearly  the  motive  which  induced 
him  to  imdertake  the  present  work,  that  I  shall  give  his  own 
words  on  the  occasion:  "  On  reading  the  fourth  volume  of 
M,  Thenard's  Traitii  de  Chimie  Elementaire,  Theorique  et 
Pratique,  which  treats  exclusively  of  chemical  analysis,  and  ia 
a  manner  much  more  satisfactory  aad  complete  than  any  other 
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work  I  had  before  met  with^  it  strack  me  that  if  translated  into 
our  language,  it  could  not  fail  to  be  of  great  utility  to  the  English 
chemist/'  Mr.  Children  then  observes,  that  to  the  first  edition 
of  the  author  he  had  added  the  valuable  matter  contained  in 
the  second  edition,  which  appeared  while  the  translation  wa» 
proceeding. 

Mr.  Children  was,  I  think,  judicious  in  the  choice  of  the 
author  whom  he  selected,  for  giving  to  the  EngHsh  chemist  a 
more  full  account  of  the  minutise  of  analysis,  than  had  ever 
appeared  in  our  own  language. 

Those  parts  of  the  work  which  depended  merely  upon  the  trans^ 
lator,  it  is  hardly  requisite  to  state  have  been  accurately  per- 
formed by  Mr.  Children  ;  but  it  would  be  doing  him  great  injus- 
tice not  to  mention,  that  much  new  and  valuable  information,  not 
to  be  found  in  the  original  work,  has  been  added :  in  saying  thisi 
I  do  not  mean  merely  that  such  notices  have  been  collected  as  are 
within  the  reach  of  every  one  who  inspects  the  various  sources 
of  chemical  knowledge ;  but  on  several  occasions  Mr.  Children 
has  given  us  the  results  of  his  own  experiments  and  observations, 
and  which,  i  think,  cannot  fail  to  be  useful.  The  directions  foi 
the  use  of  the  blow-pipe,  and  the  appearance  which  certain  sub- 
stances present  after  its  action,  form  a  very  excellent  part  of  the 
appendix  ;  and  Mr.  Children  shows,  by  the  attention  which  he 
has  paid  to  the  subject,  that  he  has  duly  appreciated  the  value  of 
Bergman's  remarks  upon  the  blow-pipe,  with  which  he  very 
aptly  concludes  his  remarks  on  this  useful  instrument. 

On  the  subjects  of  the  analyses  of  vegetable  and  animal  sub-* 
stances,  a  concise  but  clear  account  of  the  proximate  principles 
of  vegetable  bodies  has  been  introduced,  ft  is,  however,  to  be 
observed,  that  by  an  oversight,  the  very  widely  diffused  and 
valuable  vegetable  product  tannin  has  been  totally  omitted,  nor 
is  its  combination  with  gelatine  and  albumen  mentioned. 

On  the  subject  of  the  atomic  theory,  Mr.  Children  justly 
remarks,  **  that  in  the  great  progress  which  chemistry  has  made 
within  a  few  years,  one  of  its  most  important  steps  towards  per- 
fection as  a  science,  is  the  establishment  of  the  atomic  theory;'' 
A  knowledge  of  the  principles  upon  which  it  is  founded,  afford- 
ing, he  observes,  to  the  practical  analyst  an  easy  and  almost  in- 
fallible test  of  the  accuracy  of  his  experiments. 

Mr.  Children  then  gives  a  sketch  of  the  atomic  theory,  which 
will  afford  the  young  chemist  much  useful  information  on  this 
curious  and  highly  interesting  topic,  ft  may  be,  perhaps,  out  o£ 
place  here,  but  I  cannot  help  remarking,  the  difference  which 
exists  among  chemical  philosophers  as  to  the  numbers  by  which 
they  represent  hydrogen  and  oxygen ;  for  it  will  be  found  that 
they  differ  considerably  both  in  quantity  and  proportion.  Thus 
Mr.  Dalton  represents  hydrogen  by  1  ;  and  oxygen  by  7.  Sir 
H.  Davy,  hydrogen,  2,  and  oxygen,  15.  Dr.  Henry,  hydro- 
gen, 1^  and  oxygen,  7-5.    Mr.  Brande  agrees  with  Dr.  Henry 
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Dr.  WoUas toil  represents  hydrogen  by  1-32,  and  oxygen  fay  10. 
Ih-.  Thomson,  hydrogen,  0'125,  and  oxygen,  1.  It  is  much  ta 
be  regretted  that  these  variations  should  exist :  they  produce  tha 
ill  eSect  of  appearing  to  render  a  subject  difficult  which  is  easy 
of  explanation,  by  merely  statiag,  as  Mr.  Children  has  done,  thift 
whatever  portion  we  take  of  a  compound  mass,  "  it  must  coft- 
tain  a  cer^in  number  of  atoms  of  each  substance  ^  and  although 
we  know  nothing  of  their  actual  number,  still  we  obtain  by  aog- 
lysis  the  proportion  that  the  atoms  of  one  kind  bears  to  those  of 
the  other ;  or,  supposing  the  compound  to  contain  an  equal 
number  of  each,  tlie  proportionate  weights  of  the  atoms  them- 
selves." 

On  the  subject  of  the  analysis  of  mineral  waters,  Mr.  Childres 
has  added  much  to  the  original  work  of  M.  Thenard.  He  ha> 
particularly  noticed  the  opinions  of  the  late  Dr.  Murray,  to  thi 
ugenuity  of  whose  views  on  this  subject,  as  well  as  on  eveiy 
o£er,  I  wish  (however  useless)  to  add  my  assent.  1  confess,  how> 
ever,  for  reasons  which  I  shall  take  another  opportunity  of  stating 
that  I  do  not  accede  to  the  correctness  of  his  views  when  suj^ 
posing  that  those  salts  which  exist  in  a  mineral  water  are  such 
as  result  from  the  union  of  those  acids  and  bases  as  form  the 
uost  soluble  compounds.  Whatever  I  may  advance  on  thii 
Bnbject,  1  am  nevertheless  of  opinion  that  the  results  obtain«(l 
fay  Dr.  Murray  in  his  analysis  oi'  sea  water,  show  that  the  mode 
which  he  employed  was  generally  correct;  and  Mr.  Childrm 
has  judiciously  inserted  it. 

In  the  Appendix,  Mr.  Children  has  given  Dr.  Marcet's  method 
of  detecting  the   presence    of  arsenic,   observing    "  that   the 
imhappy  frequency  with  which  arsenic  has  been  employed  for 
tbe    most   nefarious    purposes,    renders    an    infalhble    mode  of 
detecting  its  presence,  when  in  veri/  minutt  guantiti/,  a  great 
desideratum  in  medical  jurisprudence."   "It  has  been  objected," 
saye  Mr.  Children,  "  to  this  test,  that  if  a  phosphate  be  present,     . 
its  indications  are  ambiguous ;  for  the  colour  of  phosphate  of   '' 
silver  is  not  much  unhke  that  of  arsenite  of  silver.     An  expe- 
rienced eye,  however,  will  readily  distinguish  between  them ;  the     j 
latter  being  of  a  brighter  yellow  than  the  former."     I  must  con- 
fess that  this  ambiguity  is  to  me  an  insuperable  objection  te 
what  is  termed  the  silver  test.     I  have  seen  precipitates  occsr     i 
sioned  by  the  phosphoric  and    arsenious   acids   so   similar  in 
colour  that  I  could  not  distinguish  atiy  difference,  and  much  less     i 
any  variation  which  would  be  a  sufficient  guide  for   deciding    t 
on  the  solemn  and   unhappy  occasions  in  which  evidence  is     | 
nequired.     It  is,  however,  but  proper  to  add,  that  Dr.  Marcet 
no  longer  depends  upon  the  evidence  a&orded  by  colour  of  the 
|irecipitatii  of  arsenite  of  silver,  unless  it  be  corroborated  by      I 
other  appearances.  I 

"  The  best  method  that  I  know  of,"  says  Mr.  Children,  "is  to 
faaa  a  current  of  sulphuretted  hydrogen  gas  into  a  suspected 
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acdjiiioq,  when^  if  arBenious  acid  be  present,  it  will  oocasion  the 

fSygpearauce  of  a  Boe  lemon-yellow  colour  throudbi  the  hquid,  but 

mu  have  no  action  on  phosphate  of  silver.    That  suhstanoQ^ 

Jbowever,  may.pre vent  the  yellow  colour  from  appearing,  althoudbi 

^u^enious  acid  be  actually  contained  in  the  solution ;  but  the 

addition  of  a  very  few  drops  of  very  dilute  pure  nitric  acid  will 

iounediately  produce  it.    If,  theremre,  both  the  silver  test  and 

the  sulphuretled  hydrogen  concur  in  indicating  the  presence  of 

4he  poison,  no  reasonaole  doubt  can  be  entertainea  respecting 

it;  out  it  is  certainLy  an  additional  satisfaction  to  reduce  a  por- 

tioa  to  the  metallic  state,  or  at  least  to  sublime  the  oxide  so  A3 

toirender  its  pecuhar  albaceous  odour  distinctly  evident,  where 

enough  can  be  procured  for  the  purpose,  though  that  cannot 

often  be  expected." 

J  shall  oner  one  or  two  observations  upon  this  statement,  and 
I  tffust  Mr.  Children  will  believe  that  I  do  not  object  upon  what 
appears  to  me  frivolous  groimds.  In  the  first  place,  1  think  it 
iaore  convenient  to  employ  a  solution  of  sulphuretted  hydrogen 
in  water  than  to  pass  tne  gas  through  the  suspected  solution.; 
ike  same  effects  are  produced,  and  to  pass  gas  through  so  small 
a  quantity  of  fluid  as  it  is  sometimes  necessary  to  operate  upon, 
increases  the  difficulty,  but  not  the  certainty  of  the  process.  It 
should  be  observed  that  no  hydrosulphuret  in  43Qlutiou  should  be 
••B^loyed  instead  of  the  mere  gas ;  and  the  arseniqus  acid  should 
-be  dissolved  simply  in  water  without  the  aid  of  any  alkali ;  for 
.fliis,  if  I  remember  rightly,  interferes  with  the  action  of  the  sul- 
ffauretted  hydrogen. 

With  respect  to  the  employment  of  a  nitric  acid,  in  case  phos- 
phoric salts  be  .present,  I  entertain  considerable  doubt.  Nitric 
Afiid  decomposes  sulphuretted  hydrogen,  precipitating  the  sul- 
phur, which  may  interfere  with  the  process  if  the  acid  be  em*- 
ployed  in  excess. 

Mr.  Children  states  that  he  finds  that  sulphuretted  hydrogen 
gives  a  decided  yellow  colour  to  an  ounce  measure  of  distilled 
water,  containing  one  drop  of  a  saturated  solution  of  arsenious 
acid,  equal  to  -rlir^h  of  a  grain  of  the  solid  acid,  or  about  T^ig^th 
of  the  whole  weight  of  the  solution.  Two  or  three  drops  of 
phosphate  of  soda  prevented  its  action,  but  a  little  very  dilute 
acetic  acid  immediately  produced  the  yellow  colour.  Mr.  Chil- 
dren properly  observes  that  the  acetic  acid  ought  to  be  pure, 
and  not  such  as  has  been  distUled  through  a  metaUic  worm. 

It  a,()pears  from  this  statement  that  the  power  of  sulphuretted 
hvdiogen  as  a  test  of  arsenic  is  very  great.  It  is  singular  that 
phospihate  of  soda  should  prevent  its  action;  and  I  would  sub- 
jxiit,  whetiiier  this  .very  circumstance  cannot  be  taken  advantage 
4>t»&  an  additional  ;proof  of  the  presence  of  arsenic. 

;In  a  work  of  this  nature,  embracing  so  many  and  sudi  varied 
fomts-oiiike  soienoe,  it  is  jfxot  to  be  wondered  at  that  some  few 
maocnracies  «hould  appear.    As  an  example  of  these,  I  wouljp 


144  Proceedings  of  Philosophical  Societies.  [Feb. 

mention  that  Mr.  Children  does  not  seem  to  have,  in  all  cases, 
clearly  distinguished  between  chlorides  and  dry  muriates,  ani 
the  compounds  of  muriatic  gas :  thus,  in  p.  229,  we  are  told  thai 
!00  parts  of  hydrochloric  acid  saturate  102  of  lime.  This  moA 
be  wnat  was  formerly  called  dry  muriatic  acid — a  substance  rf  ] 
which  Mr.  Children  will  not  admit  the  existence  ;  but  it  will  bt  1 
observed  in  other  cases,  especially  in  the  note  at  the  bottom  of  i 
this  page,  that  Mr.  Children  evidently  refers  to  hydrochloric  aci^ 
as  a  compound  of  hydrogen  and  cnlorine.  I  confess  I  see  tia 
advantage  in  using  the  term  barya  instead  of  baryta,  or  eve&J 
bar^tei ;  and  if  the  term  hifdrochloric  acid  is  to  be  admitted,  I  j 
cannot  conceive  on  what  grounds  hydrotitlfihuric  acid  for  sulpho' 
retted  hydrogen  is  to  be  rejected.  ,| 

1  had  intended  to  have  made  various  other  references  to  the  J 
useful  additions  contained  in  the  Appendix  ;  but  I  have  alrea^  j 
extended  this  article  to  so  great  a  length  that  I  must  coocloa^ 
with  observing,  that  this  work  contains  in  a  moderate  compam 
what  can  scarcely  be  found  without  numerous  references  to  j( 
variety  of  chemical  authorities;  and  I  strongly  recommend  it  at' 
worthy  of  the  confidence  and  study  of  the  young  analyst. — Ed. 


n  Note  by  the  Editor. — In  the  last  number  of  the  Annals,  some 

prrors  occurred  in  the  analysis  of  the  Edinburgh  Pharmacopoeia. 

_  ..In  mentioning  the  Or!'d«Hi  Hydrargi/ri  Citiereum,  the  quan- 

-lity   of  lime  contained  in  the  lime-water  is  much  overrated. 

Under  common  circumstances,  the  quantity  directed  by  the 

.College  cannot  be  considered  as  too  large. 

t  Page 61,  line  10  from  the  bottom.^or  42  read^2. 
2  from  the  bottom,  for  one-ninth  part  read  one- 
third  part. 
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In  the  last  number  of  the  j4«Ha/j,  the  address  of  Sir  Hamphiy 
Davy,  on  taking  the  chair  as  President,  was  given  with  a  degree 
of  brevity  so  little  suited  to  the  occasion,  that  I  am  happy  to  be 
able  now  to  give  more  at  length  the  heads  of  his  discourse. 

The  President  commenced  his  address  by  repeating  his  thank» 
to  the  Fellows  of  the  Royal  Society  for  the  distinguished  honour 
which  they  had  done  him  by  placing  him  in  the  chair.  He 
stated  his  entire  devotion  to  the  cause  of  science,  and  assured 
the  Society  that  his  feelings  were  deep,  and  would  be  permanent. 
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Sir  H,  Davy  then  proceeded  to  point  out  the  difficulties.which 
attended  the  pursuits  of  philosophers  at  an  early  period^  an4 
lience  existed  the  necessity  of  placing  in  the  rooms  of  the  Royal 
Society  a  collection  of  such  machines  as  were  useful  in  the  pro^ 
gress  of  experimental  knowledge.  From  the  improvements 
which  had  been  made  in  mechanical  and  chemical  arts,  he 
observed  there  were  now  but  few  occasions  in  which  individuals 
could  not  conduct  their  experiments  in  their  own  laboratories ; 
he  expressed  a  hope,  however,  that  on  occasions  of  importance, 
and  which  might  incur  great  expense,  the  proposers  would  not 
faQ  to  recur  to  the  Society. 

The  President  then  observed,  that,  owing  to  the  progress  of 
science,  various  associations  had  been  formed  for  its  advance- 
ment since  the  period  when  the  Royal  Society  stood  alone,  and 
he  expressed  a  hope  that  it  would  always  preserve  the  most 
amicable  relations  with  these  new  Societies  ;  and  that  when  any 
new  facts  of  importance  were  observed  by  them,  they  would  not 
fail  to  communicate  them  to  the  Royal,  as  the  parent  Society, 
whose  records,  he  observed,  contain  all  that  was  valuable 
fiom  the  time  of  our  early  philosophers.  He  disclaimed,  how- 
ever, all  wish  on  the  part  of  the  Royal  Society  to  exercise  any 
aathority  over  the  more  recent  associations,  whose  objects 
were  similar. 

After  some  further  remarks  on  the  inexhaustibility  of  the  sub- 
jects of  scientific  pursuit,  he  observed  that  philosophers,  like  the 
early  cultivators  m  a  great  new  continent,  in  proportion  as  they 
dear  the  country,  discover  more  and  more  the  vastness  of  the 
surrounding  wilds.  As  the  chart  of  a  new  country  is  essential  in 
guiding  the  traveller,  so,  he  continued,  might  the  aspects  and 
characters  of  new  objects  be  useful  to  scientific  investigation  ; 
and  with  this  view  the  President  offered  some  observations 
respecting  those  diflScult  departments  of  inquiry  which  appeared 
most  capable  of  improvement.  The  pure  mathematics,  as  a  work 
of  intellectual  combination,  are,  he  conceived,  incapable  of  receiv- 
ing aid  from  external  phenomena;  he  coneidered  them,  how- 
ever, at  the  present  moment  as  promising  new  applications^ 
observing  that  many  departments  of  philosophical  inquiry,  to 
which  the  mathematics  were  formerly  inappUcable,  are  now 
brought  under  its  dominion. 

After  the  discovery  of  the  Georgium  Sidus  there  appeared  but 
.  little  probabiUty  tliat  new -planetary  bodies  should  be  discovered 
nearer  to  our  earth  than  any  of  those  already  known ;  yet  this 
supposition,  the  President  observed,  had  been  found  erroneous, 
owing  to  our  limited  conceptions  of  nature.  The  discovery  of 
bodies  smaller  than  satelUtes,  but  having  the  motions  of  primary 
planets,  has  opened  new  views  of  the  arrangement  of  the  sobuc 
system. 

Sir  H.  Davy  then,  alluding  to  astronomy,  as  the  most  ancient 
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tod  perfect  of  the  sciences,  pointed  out,  ag  sabjecta  for  investi- 

Eition,  the  nature  of  the  systems  of  the  fixed  stars,  their  changea, 
e  relations  of  cometary  bodies  to  the  nun,  and  the  motions 
of  those  meteors  which  throw  down  showers  of  stones ;  for 
in  a  system,  he  observed,  in  which  all  is  harmony,  even  these 
must  be  governed  by  fixed  laws,  and  intended  for  defioite 
purposes. 

The  great  question  of  mii vers al  gravitation,  audita  conneiicra 
■with  the  figure  of  the  earth,  the  President  observed,  had  been 
long  solved.  By  the  mechanical  refinements  of  a  Fellow  of  the 
Society,  new  means  had  been  devised  of  estimating  the  force  of 
gravity  with  exactitude.  Sir  H.  Davy  stated  the  desire  which  he 
Inew  was  entertained  by  the  Royal  Academy  of  Sciences  8t 
Paris  to  connect  their  labours  with  those  carried  on  by  the  conb 
mand  of  the  Board  of  Ordnance  in  Britain  :  should  this  tsia 
place,  there  would  then  be  estttbliahed,  he  observed,  OB 
the  highest  authority,  an  admeasurement  of  l-18th  of  At 
whole  circumference  of  the  earth — a  great  record  for  posterity; 
and  an  honour  to  our  own  times, 

As  connected  with  the  subject  of  the  figure  of  the  earth,  ^ 
H,  Davy  referred  to  the  late  voyage  to  the  Arctic  regions,  ^^cli, 
he  observed,  presented  hopes  of  greater  discoveries ;  and  he 
made  honourable  mention  of  those  by  whom  the  expedition  was 
planned  and  executed — an  expedition  which  he  characterized  at 
worthy  of  the  greatest  maritime  nation  in  the  world. 

The  discoveries  of  Huygena,  Newton,  and  Wollaston,  in  fhe 
theory  of  hght  and  vision,  were  stated  to  have  been  followed  hj 
those  of  Mains.  The  President  then  alluded  to  the  subject  of  the 
polarization  of  light,  and  the  labours  of  other  eminent  philoso- 
phers; and  expressed  an  opinion  that  this  discovery  wonU 
establish  a  new  connexion  between  mechanical  and  chemicai 


The  subject  of  heat  as  connected  with  that  of  light  was 
remarked  as  having  lately  afforded  a  rich  harvest  of  discovery. 
The  applications  of  the  doctrine  of  heat  to  the  atomic  or  corpus- 
cular pnilosophy  of  chemistry  were  represented  by  the  President 
as  abounding  in  new  views  ;  and  he  noticed  several  facts  which 
seemed  to  point  to  some  general  law  on  the  subject:  1.  The 
apparent  equable  motion  of  radiant  matter,  or  light  and  heat, 
through  space.  2.  The  equable  expansion  of  all  elastic  floidB 
by  equal  increments  of  temperature.  3.  The  contraction  or 
expansion  of  gases  by  chemical  changes,  in  some  direct  ratio  to 
their  original  volume.  4.  The  circumstance  that  the  elementaij 
particles  of  all  bodies  appear  to  possess  the  same  quantity  w 
heat. 

The  wonderful  electrical  instrument  of  Volta  had  done  mon> 
it  was  remarked,  for  the  obscure  parts  of  physics  and  chemistijr, 
than  the  microscope  for  natural  history,  or  even  the  teleKCopt^ 
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for  astronomy.  Sir  H.  Davy  then  alluded  to  the  electro-magne- 
tic experiments  of  Oersted^  and  the  award  of  the  Cbpleian  medal 
to  that  philosopher. 

The  subject  of  chemistry  next  claimed  the  attention  of  the 
President;  and  he  justly  remarked,  that  to  point  out  all  the 
objects  worthy  of  inquirer  in  this  branch  of  science  would  require 
many  sittings  of  the  Society.  Among  the  more  important  desi- 
derata, were  mentioned  the  knowledge  of  the  nature  of  the  com- 
binations of  the  principle  of  the  fluor  spar,  and  the  metallization 
of  ammonia,  together  with  the  connexion  between  mechanical 
and  chemical  phenomena  in  the  action  of  voltaic  electricity. 
Sir  H.  Davy  then  congratulated  the  Society  on  the  rapid  advances 
made  in  the  theory  of  definite  proportions,  since  it  was  first 
advanced  in  a  distinct  form  by  the  ingenuity  of  Mr.  Dalton,  and 
he  stated  the  promise  which  it  affords  of  solving  the  recondite 
changes  in  the  particles  of  matter,  by  laws  depending  upon  their 
weight,  number,  and  figure.  As  connected  with  definite  propor- 
tions, the  crystallizations,  or  regular  forms  of  inorganic  matter, 
were  next  noticed,  and  were  observed  to  depend  upon  the  motion 
of  the  combinations  of  elementary  particles,  to  which  the  laws 
of  electrical  polarity  and  the  polarisation  of  light  seemed  to  have 
relation.  Alluding  to  the  difficulty  of  framing  an  hypothesis  to 
account  for  the  origin  of  the  primary  arrangements  of  the  crystal- 
line matter  of  the  globe.  Sir  H.  Davy  stated  the  two  principal 
iacts  which  present  analogies  on  the  subject :  One,  that  the  form 
of  the  earth  is  that  which  would  result,  supposing  it  to  have  been 
ori^nally  fluid  ;  and  the  other,  that  in  lavas,  masses  decidedly 
of  Igneous  origin,  crystalUne  substances  similar  to  those  belong- 
ing^to  the  primary  rocks,  are  found  in  abundance. 

The  President  then  noticed  the  regular  gradations  which  occur 
in  the  phenomena  of  nature,  from  the  motions  of  the  great 
loaases  of  the  heavenly  bodies,  to  the  imperceptible  changes 
which  produce  the  phenomena  of  crystallization  ;  and  when  mis 
ends,  the  series  of  animated  nature  governed  by  a  distinct  set  of 
laws,  begins ;  and  as  important  objects  of  mvestigation,  the 
functions  and  operations  of  organized  beings  were  pointed  out ; 
aa,  for  instance,  those  refined  chemical  processes  by  which  the 
death  and  .decay  of  one  species  afford  nourishment  for  another 
Mad  higher  order;  by  which  the  water  and  inert  matter  of  the 
mU  and  the  atmosphere  are  converted  into  delicately  organized 
structures,  filled  with  life  and  beauty. 

In  vegetable  physiology,  the  motion  of  the  sap,  the  functions 
of  the  leaves,  and  the  nature  of  the  organs  of  assimilation,  were 
mentioQed  as  phesK>mena  still  remaining  for  investigation ;  and 
im  animal  physiology,  the  subjects  were  stated  to  be  still  more 
vmriedy  obscure,  and  of  a  higher  order;  and.  a /hope  was  expressed 
by  the  President,  that  the  philosophers  of  the  schools  of  Gre we 
aodH^iDter  would  not  ceasQ  ibeir  efforts  for  the  improvement  of 
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these  branches  of  science,  the  first  of  great  utility  to  agriculture, 
and  the  latter,  to  medicine. 

Sir  H.  Diivy  then  expressed  his  conviction  that  the  spirit  of 
philosophy,  awakened  by  the  great  masters,  Bacon  and  Newton, 
would  guide  the  future  proceedings  of  the  Fellows  of  the  Royal 
Society.  The  sober  and  cautioijs  method  of  inductive  reasonings 
of  these  great  philosophers,  he  described  as  the  germ  of  truth  and, 
of  permanency  in  all  the  sciences ;  and  he  trusted  that  those 
who  were  so  fortunate  as  to  kindle  the  light  of  new  discoverie* 
would  use  them,  not  for  the  purpose  of  dazzhng  the  omans  of 
intellectual  vision,  but  rather  to  enlighten,  by  showing  objects  in 
their  true  form  and  colours, 

A  hope  was  also  expressed  by  the  President,  that  our  philoso- 
phers will  attach  no  undue  importance  to  hypotheses,  treatii^ 
them  rather  as  parts  of  the  scanolding  of  the  building  of  science 
than  as  belonging  to  its  foundations,  materials,  or  ornaments; 
that  they  will  look  where  it  is  possible,  to  practical  applications 
in  science,  without  forgetting  the  dignity  of  their  pursuit,  the 
noblest  end  of  which  is  to  exalt  the  powers  of  the  human  mind, 
and  to  increase  the  sphere  of  intellectual  enjoyment,  by  enlarg- 
ing our  views  of  nature,  and  of  the  power,  wisdom,  and  goodness, 
of  the  author  of  nature. 

After  alludino;  to  the  right  which  the  Royal  Society  had  to 
expect  proofs  of  the  zeal  of  those  members  in  promoting  its  pro- 
gress who  had  not  yet  contributed  to  it ;  and  after  stating  that 
3ie  Society  would  always  consider  the  success  of  past,  as  pledget 
of  future  contributions,  the  President  concluded  a  brief  but 
luminous  and  impressive  review  of  the  present  state  of  the 
sciences,  with  observing,  "  For  myself,  I  can  only  say  that  I 
shall  be  most  happy  to  give,  in  any  way,  assistance,  either  by 
advice,  or  experiments,  in  promoting  the  progress  of  discovery. 
And  though  your  good  opmion  has,  as  it  were,  honoured  me 
with  a  rank  similar  to  that  of  a  General,  I  shall  be  always  happy 
to  act  as  a  private  soldier  in  the  ranks  of  science." 

"  Let  us  then  labour  together,"  said  the  President,  "  and 
steadily  endeavour  to  gain  wha.t  are,  perhaps,  the  noblest  objects 
of  ambition — conquests  in  the  field  of  natural  knowledge  ;  acqui- 
sitions  which  may  be  useful  to  our  fellow  creatures.  Let  it  not 
be  said  that  at  a  period  when  our  empire  was  at  the  highest  pit<:h 
of  greatness,  the  sciences  began  to  decline  :  let  os  rather  hope 
that  posterity  will  find  in  our  records  proofs  that  we  were  not 
unworthy  of  the  times  in  which  we  lived." 

Jan.  18. — A  paper  of  Dr.  Davy's  was  read,  giving  an  account 
of  his  inquiries  relative  to  the  urinary  organs,  and  secretion  of 
two  species  of  rana  common  in  Ceylon :  from  which  it  appears, 
first,  that  the  bladder  of  the  bull  frog  and  brown  toad  (uie  two 
species  in  question)  is  a  genuine  receptacle  of  urine,  which  it 
receives  from  the  cloaca,  in  which  the  ureters  tenuiuat 
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secondly,  that  their  urine  is  not  at  all  analogous  to  that  of  other 
animals  of  the  order  amphibia,  beins  very  dilute,  containing  urea 
and  certain  salts,  but  no  appreciable  quantity  of  lithic  acid. 
This  peculiarity  of  urine,  bo  well  adapted  to  the  size  and  struc- 
ture of  the  bladder,  is  the  more  remarkable,  as  the  favourite  food 
of  these  animals  is  the  same  as  that  of  small  lizards,  whose 
nrine  is  of  a  butyraceons  consistence,  and  nearly  pure  lithic 
acid.  Hence,  and  from  other  facts  menlioned  by  trie  author,  he 
adduces  the  conclusion  that  the  nature  of  urine,  in  every  instance, 
depends  much  more  on  the  pecuhar  action  and  structure  of  the 
secreting  organs  than  on  pecuharities  of  diet,  or  of  the  circulat- 
ing fluids. 

At  the  same  meeting,  a  paper,  by  Capt.  Kater,  was  read, 
entitled  "  An  Account  of  the  Comparison  of  various  British 
Standards  of  linear  Measure." 

Jan.  25. — The  reading  of  the  Bakerian  lecture,  by  Captain 
Kater,  on  the  form  and  the  kinds  of  steel  most  proper  to  be  em- 
ployed in  making  magnetic  needles,  was  commenced. 

At  the  same  meeting  was  read,  "  An  Account  of  a  Micro- 
meter made  of  Rock  Crystal,"  by  G.  DoUond,  FRS. 

The  improvement  consists  in  making  a  sphere  of  rock  crystal, 
and  applying  it  in  the  place  of  the  usual  eye  glass  of  a  telescope, 
and  from  its  natural  double  refracting  property  rendering  it  use- 
ful as  a  micrometer. 

Jan.  5. — A  paper  on  the  Geology  of  tlie  North-eastern  Border 
ofBen^I,by  H.T.  Cotebrooke,  Esq.  VPGS.&c.  was  read. 

The  Brahmoputra  river,  which  unites  its  stream  with  the  Ganges 
at  a  short  distance  from  their  common  junction  with  the  sea,  after 
a  long  course  in  the  Himalaya,  passes  through  the  mountains  of 
Aslam,  and  issues  into  the  plain  at  the  north-east  corner  of  Ben- 
gal. At  that  position  is  a  hill  at  Jogigopha,  which  is  connected 
with  the  Rhotan  mountains,  ailG  whicTi  consists  chiefly  of  a  lurge 
hemispherical  mass  of  gneiss  having  strata,  or  rather  masses,  of 
granite  on  the  north-eastern  and  western  sides. 

On  the  opposite  or  southern  bank  of  the  river  is  the  hill  of 
Pftgnalath,  which  also  appears  to  be  composed  of  gneiss,  the: 
masses  running  from  N.t.  to  S.W.  at  an  angle  of  45  , 

At  Givalpara,  a  few  miles  to  the  east  of  Paglanath,  granite  is 
found. 

The  same  rocks  occur  again  at  Dhabui,  a  low  hill,  partly 
covered  with  alluvial  soil,  near  the  confluence  of  the  Gadadhar. 
Blocks  of  primitive  greenstone  are  also  met  with  here  in  various 
parts  of  the  bank  of  the  river.  At  the  confluence  of  the  Kelanke 
river,  which  issues  from  the  Garo  hills,  a  little  lower  down  is  a 
precipitous  bank,  exhibiting  graphic  granite,  and  gneiss. 

In  the  bed  of  the  river,  blocks  of  compact  felspar,  primitiv^ 
greenstone,  and  quartz,  united  with  felspar  and  hornblende,  are 
found. 
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On  the  left  bank  of  the  Brahmoputra  and  the  Caribari  failli^ 
orclifts,  which,  for  a  considerable  extent,  consist  generallyof  slat^ 
clay,  horizontally  disposed,  with  a  stratum  of  yellow  (or  oaoit 
properly  green)  sand  lying  above  it,  indurated  at  the  bottom  isg 
some  places,  and  accompanied  with  ferruginous  coacretiouj 
In  many  places,  a  stratum  of  clay  is  found  resting  on  the  greei^ 
sand;  and  over  it,  the  bank  is  composed  of  white  or  red  sanA' 
mixed  with  gravel.  }  i, 

In  different  parts  of  the  cliff,  coarse-grained  sandstone,  ciMui 
ironstone  concretions,  nodiiles  of  slate  clay  and  fossil  wood  hB^l 
been  found.  In  a  bed  of  orgaaic  remains,  situated  under  a  snuW 
hill  on  the  cliff,  about  seven  feet  below  the  level  of  the  highu^^ 
Hood  of  the  river,  and  150  feet  above  the  level  of  the  sea,  vtim 
layers  of  clay  above  and  beneath,  and  resting  upon  alternat^' 
strata  of  sand  and  clay,  a  variety  of  fossils  have  been  fonn^ 
resembling  in  characters  those  which  have  been  discovered,!^ 
similar  strata  in  the  London  and  Paris  basins. 

On  the  banks  of  the  Festa  where  it  issues  from  the  Kho) 
mountains  to  descend  into  "NortJi  Bengal,  the  rocks  are  found  ™: 
consist  principally  of  sandstone,  containing  much  mica,     Fernuj 
ginouB  sandstone  was  found  in  one  place,  and  wood  coal  ^1 
another,  where  the  sandstone  compnses  large  pebbles.     Ti 
banks  of  the  Subeck,   another  river  which  descends  ftom 
Rhotan  mountains,  present  similar  strata. 


Article  XVI. 

ND  noticf:s 
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I.   CrystnUiMiioii  nf  Red  Oxide  of  Copper  by  Heal. 

Mr.  Chenevix,  in  hig  analysis  of  the  arseniate  of  copper  and  of  ita 
(Phil.  Trana.  1801  ),.has  remarked,  that  by  exposing  oxide,  hydrate,  4 
carbonate  of  copper,  without  addition,  to  a  vjoleiiC  heat,  in  aaopi' 
crucible,  he  frequently  obtained  tlie  red  oxide  of  copper,,  presentji 
all  the  properties  of  Inis  species  of  ore.  On  one  occasion,  he  su 
that  the  well-experienced  eye  of  the  Count  de  Bournon  recogntzef 
lump  of  it  to  bea  mass  of  semi- fused  artificial  red  copper  ore. 

Sonie  time  since  1  exposed  a  quantity  of  protoxide  of  copnei 
heat  and  air  in  an  iron  vessel  with  the  intention  of  converting  it  ii 
peroxide;  I  accidentally  observed  that  the  charncters  of  the  red  oxi 
of  copper  were  even  more  distinctly  marked  than  they  appear  to  havf 
been  in  tbemass  obtainedby  Mr.  Chenevix. 
^vlhe  bottom  of  the  mass  is  in  the  form  of  that  of  the  vessel 

0  copper  was  burned — u  portion  ofa  sphere. 
}■  The  mass  consists  of  layers  of  pure  cojiper,  and  of  the  red  pxid 
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alternating,  but  not  with  apparent  regularity.     The  pure  copper  and 
red  o:<ide  are  sometimes  intermixed  in  the  same  layer. 

The  red  oxide  is  distinctly,  though  minutely,  crystallized  in  the  ftmn 
of  the  primary  octoheilroii,  and  of  the  cube,  and  in  intermediate 


The  pure  copper  is  also  in  extrcmeljr  small  and  brilliant  crystals,  but 
ao  minute  that  I  cannot  perceive  ihtir  I'orins  by  [he  help  even  of  the 
stioDgest  glass. 

Tbe  greater  part  of  the  surface  of  the  mass  is  tinged  of  a  green 
colour :  portions  of  it  are  vitreous  and  transparent.  The  green 
coiour  is  found,  by  the  assi»>taDCe  of  a  strong- glass,  to  he  owing  to  the 

fe  of  fibrous  crystals  which  arc  translucciit,  but  too  minute  fift 
erroination  of  their  form.     Thev  have  greatly  the  colour  and 
nee  of  the  phosphate  of  lead. — fin. 
criptio, 

"  The  last  mineral  substance,"  says  Dr.  Maccullocli,  "  which  re- 
maiDB  to  be  enumerated,  being  hitherto  undescribed,  it  is  necessary 
to  enter  toto  a  minuter  detail  respecting  it.  Many  years  have  passed 
dace  I  discovered  it  both  here  (Rum)  and  in  Fife ;  and  the  descriptioni 
lus  been  hitherto  delayed  in  hopes  of  finding  larger  specimens,  better 
adtqited  for  elucidating  its  history.  These  nopes  have  been  hithevto 
disappoioted,  and  1  must  therefore  give  it,  however  imperfect;  in 
hopes  tliat  other  mineralogists  will  hereafter  supply  the  dc6ciencies. 
When  recently  broken  it  is  of  a  green  colour ;  varying  from  the  trans- 
parent yellow  green  of  the  finest  olivin  (or  chrysolite)  which  it  some- 
tines  resembles  so  as  to  be  un distinguishable,  to  (he  dull  muddy  green 
of  steatite,  to  which  in  this  case  it  bears  an  equal  resemblance.  In  a 
few  hours  af\er  being  taken  from  its  repository,  or  exposed  to  the  air, 
it  turns  darker,  and  shortly  becomes  black  ;  a  change  which  also  occurs 
tvitbio  the  rock  at  the  depth  of  an  inch  or  more  from  the  surface.  In 
this  case,  Ihe  transparent  variety  puts  on  the  external  aspect  with  the 
histre  of  jet :  while  tbe  opake  one  preserves  its  dull  surface,  and  more 
nearly  resembles  black  chalk.  Notwithstanding  this  change,  the 
mineral  when  in  small  fragments  still  continues  to  transmit  light.  The 
first  variety  remains  perfectly  translucent,  and  presents  in  some  spe- 
cimens the  fine  brown  orange  oi*  cinnamon  stone,  in  others  a  rich  bottI« 
or  olive  green.  The  other  appears  also  of  an  olive  green,  but  it  is  not 
more  translucent  than  ore  of  the  same  thickness.  When  powdered, 
the  one  ia  of  a  snuffy  brown,  the  other  of  a  dirty  olive.  The  structu^ 
<^  the  first  variety  is  generally  conchoidal.  that  of  tbe  second  is  com- 
monly intermediate  between  the  caiichoidal  and  granular.  It  is  eo 
soft  as  to  be  scratched  by  a  quill,  and  is  brittle;  easily  breaking . into 
minute  iiregular  fragments.  The  specific  gravity  is  2-020.  W'th 
respect  to  its  chemical  habits,  it  remains  unchanged  before  the  blow- 
pipe ;  neither  cracking  nor  sensibly  altering  its  colour  or  translucency. 
it  is  apparently  as  refractory  as  quarts ;  a  remarkable  circumstoucef 
when  tbe  quantity  of  iron  in  it  is  considered.  It  ia  acted  on  by  muriatic 
&cid,  giving  indications  of  a  considerable  proportion  of  iron,  with  a 
little  alumina;  but  the  principal  constituent  appears  to  be  silica.  There 
i  of  lime  or  of  manganese.     The  very  minute  quantity  I 
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possessed  for  examii^aLiou,  prevents  anymore  accurate  detail  of  itt 
compasition. 

"It  is  found  imbedded  in  the  amygdaloids  of  ihe  cliffi;  of  Scuirmore, 
the  base  being  eilher  a  basalt,  or  a  black  indurated  claystone.  The 
jiodules  arc  generally  round,  and  vary  from  the  size  of  a  radish  seed 
to  that  of  a  pea  or  upwards.  Occasionally  they  are  oblong  and  com- 
pressed,  and  sometimes  scale  off  in  concentric  crusts.  In  a  few  in- 
stances  they  are  hollow  within,  the  interior  surface  having  a  blistered 
aspect ;  or  else  the  cavity  of  the  amygdaloid  is  covered  with  the  sob- 
stance  in  a  form  resembhng  that  of  an  exudation.  More  rardy  stiil 
the  nodule  is  conspounded,  containing  a  spherule  of  calcareous  spar 
widiin  an  investing  crust  of  the  mineral.  Wlien  long  exposed  to  the 
sir,  it  decomposes  in  the  form  of  a  rusty  powder,  which  is  thus  occa- 
sionally found  tilling  those  cavities  that  are  visible  on  the  surface  of 
the  fragments  in  which  it  is  found.  The  variety  from  Fife  differs  from 
that  of  Rum,  in  being  less  regular  in  form,  and  less  frequently  rouad, 
'while  it  is  commonly  also  of  a  langer  size.  Prom  the  most  characte- 
ristic quality  of  this  mineral,  the  term  cblorophteite  may  be  conve- 
niently adopted  for  distinguishing  it."  Dr.  Macculloch  adds,  that  he 
has  since  seen  this  mineral  brought  from  Iceland  by  Major  Peterson. 
(Western  Islands,  vol.  i.  p.  504.) 

"  III  reviewing  some  of  the  amygdaloids  collected  in  Mull,  I  disco- 
vered a  non-descript  substance  intermixed  with  some  prehnite,  but  too 
small  in  quantity  for  examination.  Having  since  found  the  same  mi- 
neral in  greater  abundance  in  Glen  Farg,  I  shall  give  the  best  descrip- 
tion of  it  I  am  enabled  to  do  from  these  specimens,  ns  I  cannot  now 
assign  the  exact  locality  of  the  former.  It  has  hitherto  escaped  the 
observation  of  mineralogists,  and  the  description,  however  imperfectj' 
will  therefore  be  of  use,  by  directing  their  attention  towards  it,  i  " 
thus  probably  ascertaining  its  existence  in  other  places.  Its  excer 
characters  are  very  limited,  since  it  consists  of  a  loose  white  powdety 
somewhat  coarser  than  siHca  as  it  icobtained  from  the  silicatra  alkaU 
,  lies,  gritty  between  the  teeth,  but  not  so  hard  aa  to  scratch  gh 

"  It  does  not  effervesce  with  acids,  and  before  the  blow-pipe  i 
melts  immediately  into  a  transparent  colourless  bead,  with  apparentlj 
the  same  facility  as  glass.  It  is  certainly  at  least  more  fusible  thM 
datholite.  I  have  not  been  able,  from  its  condition,  to  determine  it 
^cific  gravity.  On  attempting  to  analyze  the  very  minute  quantiU 
that  could  be  spared  for  that  purpose,  it  was  found  to  consist  prina 
pally  of  silica.  A  small  quantity  of  lime  was  taken  up  by  murjatk 
acid,'  but  its  fusibility  was  not  destroyed  by  that  treatment.  'Whd 
treated,  however,  in  a  similar  manner  by  sulphuric  acid,  thefusibili^ 
Wfs  destroyed.  No  alkali  was  found  in  it,  nor  any  boracic  acid,  nm 
any  traces  of  metallic  matter.  It  is  not  easy  therefore  to  accoi^t  fits 
its  great  fusibility,  unless  it  should  contain  the  new  alkali.  In  tUa  - 1 
uncertain  state  must  its  cheraica!  composition  remain,  until  other  spM, , 
eiroene  are  procured  to  admit  of  a  repetition  of  these  experiroentB  or 
S  more  extensive  scale.  It  is  found  tilling  irregular  cavities  in  tb_ 
amygdaloid  of  the  valley  above-nientioned,  so  well  known  to  mineral* 
Ogiets  ;  whire  it  is  accompanied  by  analciniej  mesotype,  prehnite  »]  ' 
calcareous  spar.     There  is  no  appearance  of  decomposition 
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f)  ^accompanying  minerals,  and  I  may  add  that  the  specimens  in  questioa. 
•  I  -vrere  broken  from  a  fresh  rock  in  which  they  were  deeply  imbedded. 
^  The  preceding  characters  seem  to  distinguish  it  for  the  present  from 
!g  ^1  the  mineral  substances  hitherto  dcacnbed ;  and  the  term  conite- 
ilg  sppears  well  adapted  for  it,  as  being  expressive  of  its  most  conspicuooB 
|_  ^feature. 

re  *'  On  this  substance  I  shall  only  remark  as  I  recently  did  on  treating 
^  «f  RuiD,  that  it  is  preterable  to  erect  a  species,  though  it  should  after- 
'fg  "wards  prove  a  variety  of  some  known  substance,  than  to  neglect  the 
^  vbscure  characters  which  minerals  of^en  present.  It  is  to  greater 
tm  accuracy  of  research  and  of  knowledge  that  we  are  indebted  to  the 
^    Tecent  rapid  augmentation  of  the  list  of  minerals,"     (Vol.  i.  p.  578.) 

^J  III.   Production  of  Artificial  Cold. 

^        When  on  Ben  More  in  Mull,  about  3097  feet  high.  Dr.  Macculloclt 
^1     made  the  following  observation.—"  On  this  mountain  I  was  accident- 
j^     ally  led  to  observe  the  degree  of  cold  produced  by  the  mixture  of  ice 
n^     and  alcohol.     A  storm  of  hail  had  fallen,  accompanied  by  a  tempera- 
ik     tiire  below  freezing.     Some  whiskey,  t!ie  usual  appendage  of  a  High- 
land vieticum,  being  produced,  I  was  obliged  to  dilute  it  by  putting 
some  hail  into  the  cup.     In  an  instant  the  metal  was  covered  with  ice, 
aad  frozen  to  the  glass:  on  trial,  the  quicksilver  in  the  thermometer 
sunk  into  the  bulb.     On  repeating  the  experiment  afterwards  with 
common  alcohol,  the  cold  was  found  to  amount  to  49°  or  50°.     It 
presents  a  convenient  method  of  obtaining  a  low  temperature,  when 
other  less  common  materials  are  not  at  hand."  (Western  Islands,  vol.  i. 
p,  53*.) 

IV,  Mercurial  Atmosphere. 
It  has  been  long  admitted  that  in  the  upper  part  of  the  thermometer 
and  barometer  an  atmosphere  of  mercury  exists,  having  a  very  small 
degree  of  teJision ;  and  Mr.  Faraday  has  shown,  by  the  following 
simple  experiment,  that  a  mercurial  atmosphere  may  exist  without 
removing  the  air.  A  small  portion  ofraercury  was  put  through  afun- 
nel  into  a  clean  dry  bottle,  capable  of  holding  about  six  ounces,  and 
formed  a  stratum  at  the  bottom,  not  one-eighth  of  an  inch  in  thickness  ; 
particular  care  was  taken  that  none  of  the  mercury  should  adhere  to 
the  upper  part  of  the  inside  of  the  bottle.  A  small  piece  of  leaf-gold 
was  then  attached  to  the  under  part  of  the  stopper  of  the  bottle ;  sO' 
that  when  the  stopper  was  put  into  its  place,  the  leaf-gold  was  inclosed 
in  the  bottlo.  It  was  then  set  aside  in  a  safe  place,  which  happened  ta 
J)e  both  dark  and  cool,  and  left  for  between  six  weeks  and  two 
months.  At  the  end  of  that  time,  it  was  examined,  and  the  leaf-gold 
was  found  whitened  by  a  quantity  of  mercury,  through  every  pert  of  the 
bottle,  and  mercury  remained  apparently  just  as  before. 

This  experiment  was  repeated  several  times,  showing  tliat  mercury  ia 
always  surrounded  by  an  atmosphere  of  the  same  substance.^ — (Faraday, 
Quarterly  Journal  of  Science,  No.xx.  p.  355.) 

V.  Sidphtret  nfChroiiie. 

Mr.  I.  L.  Lassaigne  has  obtained  this  compound  by  the  following 

process  :  Chloride  of  chrome  was  prepared  by  boiling  chromic  acid  with 

excess  of  muriatic  and  evaporating  to  dryness.     It  was  then  mixed 


New  Sciaiti/ic  Books.  [Feb, 

irith  &ra  dmea  its  weight  of  sdphar,  and  heated  to  whiteness  in  a  boot 
glass  tube.  The  resulting  sulphuret  of  chrome  ivas  blackish-gr^ 
cdour  ;  it  is  uuctuous  to  the  fee],  very  light,  and  readily  i'alling  to 
powder;  when  rubbed  on  bodies,  it  leaves  niarkfi  similar  to  those  <^ 
^ombago.  Heated  in  a  ptatlaa  crucible,  it  burns  like  pyrophoroua, 
giving  fumes  of  Bulpliurous  acid,  and  leaving  deep-green  coloured 
oxide  of  chrome.  It  is  not  readily  acted  upon  by  nitric  acid :  but 
wheB  this  acid  is  mixed  with  muriatic,  it  is  easily  dissolved.  It  a 
composed  of  chrome,  100;  and  sulphur,  10^4<.  By  mixing  eqiul 
parts  of  chromatc  of  potash  and  sulphur,  and  heating  the  mixture  in 
close  vessels,  green  oxide  of  chrome  was  economically  obtained  by 
M.  Lassaigne.  It  is  to  be  washed  with  water  to  dissolve  the  sulphate. 
and  sulphuret  of  potash,  which  leaves  the  oxide  of  chrome  pure. 
Equally  tine  oxide  of  chrome  was  obtained  by  lieating  sulphur  with 
iJie  produce  of  the  evaporation  of  the  solution  of  chromate  of  iron, 
treated  by  nitre,  to  which  a  little  sulphuric  acid  had  been  previotuly 
added  to  precipitate  tlie  earthy  matters  which  had  been  dissolved. 

Owing  to  a  mistake  of  the  engraver,  it  has  been  found  requisile  to  gtw 
a  nevi  Plate  of  Mr.  Pratt's  Ciinometer,  •which  the  reader  u  requeitedlo 
substitutejbr  lliat  in  the  last  number  of  the  Annals, 
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NEW  SCIENTIFIC  BOOKS 


,  Good  is  preparing  for  publication,  The  Study  of  MedicmSr 
comprising  its  Physiology,  Pathology,  and  Praclice.  These  voluraeB, 
in  addition  to  that  lately  published  on  Nosology,  and  dedicated,  by 

SermJssion,  to  the  College  of  Physicians,  will  complete  the  Author's 
esign  ;  and  constitute  an  entire  body  of  Medical  Science,  equally 
adapted  to  the  use  of  Lecturers,  Practitioners,  and  Students. 

Travels  in  Syria  and  Mount  Sinai,  by  the  late  ,T,  L,  Burckhard,  are 
in  the  press. 

A  work,  entitled  "  Practical  Economy,  or  Hints  for  the  Applica- 
tion of  Modern  Discoveries  to  the  Purposes  of  Domestic  Life,"  is  pre- 
paring for  publication. 

Mr.  Haden,  of  .Sloan e-street,  is  about  to  publish  a  Monthly  Journd 
of  Medicine,  addressed  principally  to  unprofessional  persons,  Ths 
work  will  teach  the  prevention  rather  than  the  cure  of  disordere;  of 
the  same  time  that  it  will  point  out  how  the  friends  of  the  sick  may,  in 
the  best  way,  assist  their  medical  men  in  his  treatment,  and  otfaerw4a* 
show  how  health  may  be  preserved,  and  disease  warded  off.  '* 

An  Inquiry  into  the  Nature  and  Treatment  of  Gravel,  Calculus,  and 
other  Diseases  connected  with  a  deranged  Operation  of  the  Urinary 
Organs.     By  William  Prout,  MD.  FRS,    8vo.     Ts.  boards. 
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An  Essay  on  Sea  Bathing,  in  preserving  Health,  and  as  a  Remedyr 
in  Disease,  especially  Nervous,  Scrophulous,  &c.  By  J.  W.  Williams, 
Member  of  the  College  of  Surgeons,  London.     12mo.     5s.  6d. 

Cases  illustrating  the  improved  Treatment  of  Stricture  in  the  Ure- 
thra and  Rectum.     By  James  Arnott*     8vo.     4fS,  6d, 

A  Dictionary  of  Chemistry,  on  the  Basis  of  Mr.  Nicholson's ;  in 
which  the  Principles  of  the  Science  are  investigated  anew.  By  An- 
drew Ure,  MD.  8vo.     1/.  Is,  boards. 

Practical  Observations  in  Midwifery ;  with  a  Selection  of  Cases.  By 
John  Ramsbotham,  MD.    8vo.    Part  I.     10^.  6d. 

Practical  Observations  on  Chronic  Affections  of  the  Digestive  Or- 
gans, and  on  Bilious  and  Nervous  Disorders.  By  John  Thomas,  MD. 
8vo.    6s, 

Illustrations  of  the  great  Operations  of  Surgery,  By  Charles  Bell. 
Parti.     Plates  coloured.     1/.  I5. 

Universal  Science ;  or  the  Cabinet  of  Nature  and  Art ;  comprising 
yarious  Selections  from  useful  Discoveries  in  the  Arts  and  Sciences. 
By  Alex.  Jamieson.    2  vols.  I2mQ.     16^. 
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NEW  PATENTS. 

James  Ransome,  of  Ipswich,  iron-founder,  and  Robert  Ransome,  of 
'  Colchester,  iron-founder,  for  an  improvement  upon  an  invention  by 
James  Ransome,  for  which  he  now  hath  a  patent  June  1,  1816,  for 
certain  improvements  on  ploughs.     Nov.  28, 1820. 

William  Kendrick,  of  Birmingham,  chemist,  for  a  combination  of 
apparatus  for  extracting  a  tanning  matter  from  bark  and  other  sub- 
staDces  containing  such  tanning  matter.     Dec.  5. 

Thomas  Dobbs,  of  Smallbrook-street,  for  a  mode  of  uniting  toge- 
ther, or  plating,  tin  upon  lead.     Dec.  9. 

John  Moore,  Jun.  of  Castle-street,  Bristol,  for  a  certain  machine  or 
machinery,  which  may  be  worked  by  steam,  by  water,  or  by  gas,  as  a 
moving  power.     Dec.  9. 

George  Vaughan,  of  Sheffield,  for  a  blowing  machine,  on  a  new 
construction,  for  the  fusing  and  heating  of  metals,  smelting  of  ores, 
and  supplying  blast  for  various  other  purposes.     Pec.  14. 

William  Mallet,  of  Marlborough-street,  Dublin,  for  improvements 
on  locks,  applicable  to  doors,  and  to  other  purposes.     Dec.  14?. 

Andrew  Timbrell,  of  the  Old  South  Sea  House,  London,  for  an 
improvement  of  the  rudder  and  steerage  of  a  ship  or  vessel.     Dec.  22. 

Sir  William  Congreve,  Bart,  of  Cecil-street,  Strand,  for  improve- 
ments in  printing  in  one,  two,  or  more  colours.     Dec.  22. 

William  Pritchard,  of  Leeds,  for  improvements  in  an  apparatus  to 
save  fuel,  and  for  the  more  economical  consumption  of  smoke  in  shut- 
ting fire-doors  and  air-flues  in  steam-engine  boilers,  drying-pans,  and 
brewing-pans,  other  fire-doors  and  air-flues.     Dec.  22. 

Marc  Isambard  Brunei,  of  Chelsea,  for  a  pocket  copying-press,  aad 
also  improvements  on  copying-presses.     Dec.  22. 
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156  Col.  Beaufoi/'s  Astronomical,  Mngnetical, 

Article  XIX. 

Astroiiomiail,  Mngrieficai,  and  Meteorological  Observalion 
By  Col.  Beaufoy,  F.R.S. 

Bmhey  Heath,  near  Stanmore. 

Latitude  51°  3T  44-3"  Norlh.     Longilnde  West  in  time  I'  30-93". 

Astronomical  Ohservatioui. 

tDec.   2.     Emersion    of    Jupitet'a    second  J   V    .SS'    0?'  Mean  Time  at  Bogluf 
— "■--  \1     33    23    Mean  Time  at  Gruen 


I 


_ 

Magnetical  Observations,  1820 
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84 

35 

58 

25 

8    40 

24    31     56 

1     W 

94 

36 

IT 

SS 

8    55 

24     SS     29 

1     25 

94 

36 

05 

1 

21 

a    55 

24    32    44 

1     20 

24 

36 

18 

a 

28 

a    46 

24     32     34 

1    ts 

84 

36 

48 

^ 

2g 

a    45 

8    60 

2i   SI    n 

24     32     SO 

1     20 

84 

36 

51 

1 

30 

24 

35 

31 

8    45 

24     32      10 

1     16 

24 

35 

55 

MuB  for 

js„ 

24     S3     03  1      1      SO 

94 

30 

34 

ai.] 
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Meteorological  Observations. 


Month. 


{ 


Time. 


Dec. 

Mom 
1-^  Noon.... 

Even . . . . 

Mom. . . . 

Noon. . . . 

Even . . . . 
r  Mom.. 
S<  Noon.... 
L  Even .... 
r  Mom. 
4<  Noon. . . . 
L  Even .... 

Mom. . . . 

Noon. . . . 

Even 

Mom.... 

Noon .... 

Even .... 

Mom. . . . 

Noon... . 

Even .... 

r  Mom. ... 

8<  Noon.... 

(.  Even .... 

(  Mom .... 

Noon .... 

Even .... 

Mom... . 

Noon.... 

Even  .  •  •  • 

Mom. . . . 

Noon.... 

Even .... 

Mom. ... 

Noon.... 

Even . .'. . 

Mom. . . . 

Noon.... 

Even . . . .  - 

Mom. . . . 

Noon. . . . 

Even .... 

Mom. . . . 

Noon.... 

Even .... 

Mom... . 

Noon.... 

Even   . . . 

Mom .... 

Noon.... 

Even .... 

Mom.... 
18^  Noon.... 

JEven .... 


Barom. 


I 


12. 


15. 


Inches. 
S9*676 
29-649 

29-449 
29-449 

29-603 
29-579 

29-479 
29*483 

29-440 
29*382 

29*541 
29*574 

29-563 
29-589 

29-682 


29*703 
29*660 

29*543 
29*515 

29*376 
29*412 

29*131 
29*100 

28-932 
28*990 

29*396 
29*429 

29*464 


29*193 
29*093 

29*127 
29*194 

29*600 
29*624 


Ther. 


S5<» 
41 

37 
40 


43 

49 
52 

49 
50 

45 
46 

49 
52 


Hyg. 


47 
48 

48 
49 

49 
51 


50 

46 
36 

31 
36 

32 


28 
31 

34 

38 


19> 
70 

80 
69 

82 

75 

78 
I    72 

71 
70 

84 
79 

79 
73 

74 


69 
68 

74 

78 

88 
72 

87 
76 

82 

82 

70 
67 

65 


74 
71 

83 
78 

87 
83 


Wind. 


WNW 
W 

WbyS 


^ 


ssw 

SW  bj  W 

WbyN 
WbjS 

W 

w 

E 
S£ 

W 

WbyS 

WbyS 


WbyS 
WbyS 

SWby  W 
SW^byW 

wsw 
w 

ssw 
wsw 

NNE 
NE 

NbyE 

NNE 

£S£ 


£S£ 

£S£ 

Cahn 
NbyW 

SEbyE 
S£ 


Vdodty. 


Weather. 


Feet 


Gbudy 
Cloudy 

Cloudy 
Cloudy 

Rjun 

Cloudy 
line 

Cloudy 
Rain 

¥of 
Ram,  fog 

Finr 
Cloudy 

Cbmdy 


Cloudy 
Cloudy 

Cloudy 


Six*!. 


Rain 
Mizde 

Fog,  rain 
Clomdy 

Fog,  rain 
Bmh 

dear 
Clear 

Cloudy 


Cloudy 
Cloudy 

Fog 
Fog 

Fog 
Fog 


331 
41 


36 

40| 

34 

43 

49 

53 

48 

51 

45 

5e 

I  45 
49 
53 
50 
461 
48f 

^45 

61* 
{47 

51* 
I  46 

36* 
{30 

s^ 

so* 

32* 

26 

34 

30 

40 

36 

4& 


i 
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Uontb. 

Time. 

BMom. 

Ther. 

Hyg- 

Wind. 

Vdodty. 

Wemther. 

Sa\ 

Dec 

Inchei. 

Feet. 

19. 

Mom.... 

M-lSl 

88° 

S 

Fog,  min 

V 

Noon.... 

89-788 

85 

SW 

ro|,T«x 

«l 

Even.... 

^4 

Mom.... 

sg-goo 

84 

SSE 

Wet,  fog 

Noon.... 

85-855 

43 

86 

S 

Fog,  r»m 

m 

Even.... 

4! 

m.{ 

Mom...- 

S9-8I8 

47 

13 

w 

Cloudy 

Noon.... 

a9-638 

48 

68 

Cloudy 

48 

E»™  .... 

\'H 

Mr 

Moid.  . . . 

S9'see 

37 

78 

WbyN 

Vary  fine 

Noon..., 
Evon  . . . . 

sg-G4S 

48 

78 

W 

R.ik 

P 

w.^- 

Mom. . . . 

99-510 

39 

75 

NB 

a^y 

Noon.... 

29-458 

41 

68 

NE 

Ckrady 

'41 

Even   ... 

j»i 

". 

89-400 

38 

73 

EhyN 

Cloudy 

tiem'.'.'.'. 

89-390 

S3 

70 

GSE 

Cloudy 

'js 

Even.... 

i" 

4 

Mom. . . . 

99349 

89 

70 

BNE 

<:i<Md, 

Noon,... 

89-335 

89 

7! 

ENE 

Ckrady 

'm 

Evan.... 

la 

.{ 

Mom. . . . 

99-863 

28 

72 

E 

RoiT 

Noon.... 

85-S63 

89 

70 

E 

Cloudy 

>» 

Even.... 

— 

i«J< 

f 

Mom.... 

89-394 

88 

89 

BbjN 

Cloudy 

vt\ 

Noon.... 

29-408 

89 

69 

E 

Cloudy 

'  » 

\ 

Even ... . 

!". 

( 

Mom. . . . 

29-404 

ST 

W 

NEbyB 

iCisa 

!S- 

Noon. . . . 

29-434 

89 

NEb;E 

Cloudy 

'■mi 

Even 

- 

l>st 

Sfl' 

Mom.... 

89-479 

U 

66 

NEbv 

Cloudy 

29-438 

24 

66 

NEby 

Cloudy 

>85 

Even"'.' 

J«* 

30. 

Ham... 

29-410 

84 

68 

NE 

Cloudy 

Noon... 

89-499 

25 

05 

NB 

Fine 

*25 

Even... 

31. 
I 

Morn... 

89-438 

91 

70 

NE 

Clnudy 

l"> 

Noon... 
Even... 

89391 

ST 

65 

NE 

Vcpy  Sne 

*ST4 

Rain,    by  the  p 

uviameter,    between  noon  the    1st  of  Dec- 

and    nooa   the  Ist 

of  Jan.    1-468  inch.     Evaporation,  during 

the  same  period,  1- 

133  in. 

i 

^^^^1 

1 

J 

I 

W.J 
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Article  XX. 


METEOROLOGICAL    TABLE. 


Bahometer. 

THUtMoxvrau  1 

* 

« 

Hirgr.    at 
9  a.|aau 

laso. 

Wind. 

Max. 

Min. 

Mm. 

Min. 

£?»p. 

Bain. 

diMon. 

• 

r 

U6Ca          1 

N     W 

30-17 

"^9-99 

42 

37 

— 

i^ 

90 

9 

N     W 

30- 10 

2995 

42 

31 

.  -^    . 

03 

M 

3 

s    w 

30' 10 

29*97 

50 

38 

— 

90 

4 

w 

29-97 

29-93 

53 

37 

— 

77 

# 

5 

w 

30-03 

29-87 

51 

4,5 

— 

06 

69 

6 

E 

3003 

30-02 

51 

4,4, 

— 

04 

94 

7 

N     W 

30-152 

30-02 

55 

49 

— 

82 

S 

s    w 

30-15 

30-12 

50 

45 

— 

76 

9 

w 

30-15 

3005 

50 

47 

— . 

— 

64 

10 

s    w 

3005 

2990 

62 

50 

— 

— 

86 

11 

w 

29-90 

29-65 

53 

48 

— 

25 

7* 

C 

12 

s    w 

29-65 

2949 

54 

47 

— 

— 

90 

13 

N    W 

29-90 

2947 

46 

29 

•-^ 

78 

9* 

14 

N      E 

2998 

29-90 

39 

30 

— 

84 

15 

S        E 

29-90 

2979 

34 

26 

— 

62 

l6 

S        E 

2979 

29-73 

35 

30 

— 

— 

78 

\7 

E 

30-10 

2973 

41 

34 

40 

91 

1« 

£ 

30-23 

30' 10 

57 

41 

56 

02 

94 

0 

19 

S 

30-35 

30-23 

50 

36 

— 

— 

100 

20 

s 

30-35 

30-11 

50 

40 

— 

05 

100 

21 

w 

30-15 

30-09 

50 

33 

-i- 

71 

22!S       W 

30-09 

3001 

43 

34 

— 

04 

88 

23 

N 

30-01 

29-95 

42 

33 

— 

— 

90 

24 

N      E 

2995 

29*93 

SS 

.    30 

— 

64 

25 

N      E 

29*93 

29-88 

32 

27 

« 
1 

67 

26 

E 

2996 

29-88 

32 

29 

70 

> 

27 

E 

29*99 

29-96 

38 

28 

-*i- 

65 

28 

£ 

3004 

2999 

33 

25 

— 

61 

2S 

E 

30-04 

30-03 

29 

24 

—    " 

* 

59   ' 

30|     £ 

3003 

30-02 

29 

22 

— 

60 

31 

N      E 

30-02 
30-35 

29-97 

29-47 

30 

21 

45 

58 

% 

57 

21 

101 

1-67 100—58 

Tboolaermtionfl  in  each  line  of  te  table  affl|r  <»  m  peiM  if  twj 
iginning  at  9  A.  M.  on  the  day  indicated  in  the  fint  oolnnui.  A  * 
e  xamlt  is  indoded  in  the  next  raUowing  obsenratioii. 


denotefdist 


!■  Mr.  BmdLd  m  ike  Aetion  vf  [Maucb, 

fk  halves  if  the  Aon  angles)  bong  30^*  59',  and  36^  23', 
^^  18",  SfiT  9f ;  Ae  eoiiupODdiag  aDgies  of  refraction  are 
MP  fr«r  (=  «),  5I»  ff  |(r,  2!"  y  40",  ^l"  6' 40" ;  and  since 
•  =  •  —  «  m  a««  OM^  wt  find  for  the  values  of  S,  2°  63'  40", 
af  51*  IV^  y  sr  lO",  tbe  nmn  of  which  gives  2°  53'  0"  ftif 
Ac  red  ^igiAv  JUUuLe  of  the  virtual  pole  from  the  axis  of 
'mttm.  lel  nj«  in  i^pfcatc  of  burta. 

A^im,  is  the  soies  of  tints.  Tables  V,  Vi,  VII,  forRochelle 
^^  the  MpMeat  ■wgwfar  distances  of  the  mean  red  axis  from 
*■  ««W  pofe  wM^^tTT^"  8'  —  257"  35'  =  19"  33' ;  281"  SC 
—  aea*  V  =»  19^  Sl/.-and  -2»y  C  -  2^°  25'  =  19°  36'.  rf 
•i^Bch  aeiaer  ^fin  mote  than  3'  from  the  mean  19°  33'. 

Dr-  Bkevscer  (Phil.  Trans.  1814,  p.  216)  has  stated  the 
mAmlUii  indexof  this  saltst  1-516;  but  this  is  certainly  a  little 
to*  (a^c.  Ib  fa«r  experiments  made  at  distant  intervals  of 
''      *""  "    lies  ctTobservatioD,  1  have  found 


1-49W0 

1-49670 


I  ■50220 
1-49863 


9k  tte  vdex  for  the  mean  yeIIoir-^«en  rays,  of  which  detemu- 
aitioBs  the  b&t  is  to  be  pnfetred,  naving  been  made  with  gr«at 
citn.  Tbe  same  experiment  gare  1-49293  for  the  index  for 
awn  Tcd  ravs.  Ilw  apparent  angolar  distance  of  the  ajSislbr 
Wt  Itw9  from  Om  perpcitdicular  was  16°,  which  leaves  3°  83' 
fc  Av  K^iriu  4liBlaiK>e  c>f  tb#  virtual  pole  from  the  pei^adi- 
«^n  Tmc  WigltJ  of  ifwideDce  correapoud  to  the  respeotive  - 
v^cs.  of  refraction  10°  38*  20"  and  2°  22'  40",  of  which  the  ' 
s«Bi  13°  t'  is  the  real  angle  between  the  virtual  pole  and  mean 
reiJ  aiis  in  Kochelle  sail.  The  series  in  Table  IV.  gives  13°  ^ 
^S*  fwr  lie  value  of  (,  nhtch  agrees  completely  with  the  fore- 
pMn;  determination. 

1  toot  seten  jJates  of  nitre  of  various  thicknesses,  and  cut 
fruiu  diiiWivnt  crystals,  and  by  a  mo^  of  observation  to  be 
€l«i«iibed  ht^reafler,  found  as  follows  ; 


<$21 .3  '     CrystalHxed  Bodies  (m  Homogtneon$  Light.  IflS 

jMlhotigh' the  constancy  of  the  positiou  of  the  virtual  pole  for 
'^^WefQl  Hiicknesses^  is  sufficiently  xna^e  out  hefe,  the  nvasit 
^refcu^es  which  exist  cere  certainly  &ot  attributable  to  errors  of 
irvation,  which,  in  the  method  1  employed,  are  usually  con-^ 
id  within  much  narrower  limits.  They  are  due  to  minute 
irregularities  in  the  crysts^s  themselves,  consisting  probably  in  a 
MSLte  of  imperiFect  equilibrium  "of  the  molecular  forces  of  tiggre- 
Mtioa^  to  which  this  salt  is  so  arubject,  tha;t  it  is  rather  rare  to 
Ittid  a  fijpecimen  in  which  the  rings  beyond  both  poles  have 
iflOLCtly  the  same  breadth  or  tints. 

•  ■ 

IV.  Of  the  Tints  developed  b^  Crystals  mth  two  Axes  cnt  of  the 

principal  Section. 

'.:  If  weplace  a  crystallized  plate  at  an  azimuth  zero  in  a  tourma- 
^e  apparatus,  haying  the  axes  of  the  tourmalines  at  right 
ttigleB,  we  shall  observe,  if  its  thickness  be  at  all  considerable, 
that  the  two  oval  spots  on  either  side  the  axis  of  symmetry 
'(which  is  now  perfectly  black)  instead  ofbelilff  exactly  regular  in 
their  figure,  as  in  PI.  iV.  fig.  2,  and  tinged  with  colours  symme- 
Irically  disposed  on  either  side  of  a  hue  m  n  perpendicular  to 
ibe  principal  section,  are  invariably  coloured  at  one  extremity  r 
^jf/Mx  a  strong  prismatic  red  hue,  and  drawn  out  at  the  other  v 
IflDtO  more  or  less,  elongated  and  tapering  spectra  or  tails  of  blue 
jPixd  violet  light.  The  extremities  r,  r  of  the  rings  too  have  a 
jbkge  excess  of  the  red  rays,  and  the  opposite  v,  r  of  the  violet 
iky 8.  In  crystals  of  the  first  class  above  described,  the  red 
extremity  is  turned  tcfwards  the  other  pole,  while  in  those  of  the 
second  it  is  directed  from  it.  If  we  subject  a  plate  of  Rochelle 
'felt  to  this  examination,  the  ovals  a,  a,  are  drawn  tnt  to  a  sur- 
"nising  length,  and  the  whole  prismatic  spectrum  is  displayed  in 
'thein  with  great  vividness  of  colour,  while  the  violet  portions  of 
Hie  rings  are  greatly  elongated  also,  and  appear  to  run  into  one 
another.  If  the  plate  be  turned  round  in  azimuth,  the  phenomena 
assume  the  most  singular  appearances  of  distortion ;  and  as  the 
rotation  approaches  to  46°,  the  rings  in  the  vicinity  of  the  pole 
are  gradually  obliterated  by  their  mutual  overiapping,  whicn  is 
the  greater  the  thicker  the  plate.  In  all  situations,  however,  the 
interposition  of  a  red  or  dark  green  glass  immediately  restores 
the  perfect  symmetry  and  regularity  of  the  rings,  which  are  then 
seen  in  much  greater  number,  and  completely  well  defined. 

All  this  is  the  necessaiy  consequence  of  the  want  of  coinci- 
dence of  the  axe«  for  different  colours.  The  lateral  spots,  for 
example,  are  formed  for  each  homogeneous  colour  with  perfect 
regularity  close  to  their  corresponding  pole,  and  regularly 
idecreasing  in  sizie  from  the  red  to  the  violet.  Tbetr  arrangement 
Will,  therefore,  be  as  represented  in  fig.  3,  R,  O,  Y,  8cc.  being 
ihe  poles  corresponding  to  tlie  several  colours,  red,  orange,  Stc. 
TkkB  oval  spots  composed  of  red  rays  being  represented  by  r,  r, 
those  of  the  other  colours  will  be  super-imposed  on  them  in  their 

l2 


Mr.  Herschel  on  the  Action  of  [MAKvlli 

^ihe  halves  of  the  above  angles)  being  30"  59',  and  36«  23'; 
36°  18',  G6°  24' ;  the  corresponding  angles  of  refraction  an 
18°  12'  30"  (=  fl),  21°  6'  10",  21"  3'  40",  21°  C  40" ;  and  sine* 
e  =  ip  —  n  in  this  case,  we  find  for  the  values  of  9,  2°  63'  40*i 
2°  51'  10",  ?■  54'  10",  the  mean  of  which  gives  2°  53'  0"  fai 
the  real  angular  distance  of  the  virtual  pole  from  the  axis  (rf 
mean  red  rayi  in  sulphate  of  bt^ta. 

Again,  in  the  series  of  tints,  Tables  V,  VI,  Vli,  for  Rochelb 
salt,  the  apparent  angular  distances  of  the  mean  red  axis  from 
the  virtual  pole  weee  277°  8'  —  267°  35'  =  19°  33';  281''  SC 
-  262°  0'  =.  IQ"  30',  ^nd  282"  0*  -  262°  25'  =  19°  36',  of 
which  neither  differs  more  than  3'  from  the  mean  19°  33', 

Dr.  Brewster  (Phil.  Trana.  1814,  p.  216)  has  stated  the 
refractive  index  of  this  salt  at  1'515;  but  this  is  certainly  a  little 
too  large.  In  (bur  experiments  made  at  distant  intervals  of 
time,  and  by  different  modee  df  observation,  I  have  found 

1-49640  1-50220 

1-49670  1-49853 

for  the  index  for  the  mean  yellow-green  rays,  of  which  determi- 
nations the  last  is  to  he  pcefefred,  uaving  been  made  with  grest 
care.  The  same  expernnent  gave  1-49293  for  the  index  for 
mean  red  rays,  The  apparent  angular  distance  of  the  ax'igftt 
led  fayS  from  the  perpend icutar  was  16°,  which  leaves  3°  83' 
ipOT  the  Riigular  distance  ol'  the  virtual  pole  from  the  pei^eadi- 
cular.  These  angles  of  incidence  correspond  to  the  respeotivE 
angles  of  refraction  10°  38'  20"  and  2°  22'  40",  of  *bioh  the 
sum  13°  I'  is  the  real  ftngle  between  the  virtual  pole  and  mean 
jed  axis  in  Hochelle  salt.  The  series  in  Table  IV,  gives  13°  V 
25*  for  the  value  oF  fl,  which  agrees  completely  with  the  fore- 
going determination. 

I  tooK  seven  jJlates  of  nitre  of  various  thicknesses,  Slid  cUt 
from  different  crystals,  and  by  a  mode  of  observation  toBfe' 
described  hereafter,  found  as  follows  : 


Table  VIll. 


I  dbtance  of  tire  Wrtnal 
fralB  Uie  Gxiii  of  r 
yellow  rajt  (npparenl). 


Oriiet  of  the  emnddeneo. 

Between  ttie  fbnrth  luinnnnni  M 

£Mi  mulmmn 
Atiuietjeyund  tlietbird  ni. 


ScoRid  minimum 
Nioth  JulnlQium 
A  little  bejond  the  nghth  li 


iSSl  .^r'   CtystalKifxd  Bodies  (m  Htmogtneom  light.  \9A 

^KMiotigh'tl^e  ccmstantcy  of  the  position  of  the  virtual  pole  Utt 
)fi£RsiieM  ttaeknesses^  is  suflSciently  made  out  heriSy  the  smdK 
^$iJB|erdaceB  which  etdst  cere  certainly  not  attributable  to  errors  of 
IPbservation,  Svhich,  in  the  method  1  employed,  are  usually  con-^ 
fitted,  within'  much  narrower  limits.  They  are  due  to  minnti^ 
irregularities  in  the  crysts^s  themselves,  consisting  probably  in  a 
stitte  of  imperfect  equilibrium  "of  the  molecular  forces  of  tiggre- 
gBtioa,  :to  which  this  salt  is  so  amhject,  that  it  is  rather  rare  to 
find  a  fijpecimen  in  which  the  lings  beyond  both  poles  have 
ttacdy  the  same  breadth  or  tints. 

Vf:  Of  tlie  Tints  ieveiaped  b^  Crystals  mth  two  Axes  cnt  of  the 

principal  Section. 

If  we  place  a  crystallized  plate  at  an  azimuth  zero  in  a  tourma- 
foe  apj^aratusy  haying  the  axes  of  the  tourmalines  at  right 
vagleSy.  we  shall  observe,  if  its  thickness  be  at  all  considerable, 
that  tne  two  oval  spots  on  either  side  the  axis  of  symmetry 
(which  is  now  perfectly  black)  instead  of  behig  exactly  regular  in 
their  figure,  as  in  PI.  iV.  fig.  2,  and  tinged  with  colours  symme- 
trically disposed  on  either  side  of  a  hue  m  n  perpendicular  to 
the  principal  section^  are  invariably  coloured  at  one  extremity  r 
"Mith  a  strong  prismatic  red  hue,  and  drawn  out  at  the  other  v 
into  more  or  less,  elongated  and  tapering  spectra  or  tails  of  blue 
cad  violet  light.  Tlie  extremities  r,  r  of  the  rings  too  have  a 
Txtge  excess  of  the  red  rays,  and  the  opposite  v,  v  of  the  violet 
rays.  In  crystals  of  the  first  class  above  described,  the  red 
extremity  is  turned  towards  the  other  pole,  while  in  those  of  the 
second  it  is  directed  from  it.  If  we  subject  a  plate  of  Rochelle 
Salt  to  this  examination,  the  ovals  a,  a,  are  drawn  Out  to  a  sur- 
prising length,  and  the  whole  prismatic  spectrum  is  displayed  in 
them  with  great  vividness  of  colour,  while  the  violet  portions  of 
the  rings  are  greatly  elongated  also,  and  appear  to  run  into  one 
another.  If  the  plate  be  turned  round  in  azimuth,  the  phenomena 
assume  the  most  singular  appearances  of  distortion ;  and  as  the 
rotation  approaches  to  46°,  the  rings  in  the  vicinity  of  the  pole 
are  gradually  obliterated  by  their  mutual  overlapping,  whicn  is 
the  greater  the  thicker  the  plate.  In  all  situations,  however,  the 
interposition  of  a  red  or  dark  green  glass  immediately  restores 
the  perfect  symmetry  and  regularity  of  the  rings,  which  are  then 
seen  in  much  greater  number,  and  completely  well  defined. 

All  this  is  the  necessaiy  consequence  of  the  want  of  coinci- 
dence of  the  axes  for  different  colours.  The  lateral  spots,  for 
example,  are  formed  for  each  homogeneous  colour  with  perfect 
regularity  close  to  their  corresponding  pole,  and  regularly 
decreasing  in  sizie  irtnn  the  red  to  the  violet.  Tbetr  arrangement 
will,  therefore,  be  as  represented  in  fig.  3,  R,  O,  Y,  8cc.  being 
the  poles  corresponding  to  tlie  several  colours,  red,  orange,  8tc. 
Hie  owl  «pot8  composed  of  red  rays  being  represented  by  r,  r, 
those  of  the  other  colours  will  be  super-imposed  on  them  in  their 

l2 
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order,  overlapping,  as  represented  by  the  dotted  ovais  oc^,  HJr 
8cc.  like  the  circular  coloured  images  of  (he  suu  in  the  spectrum 
of  an  ordinary  prism,  giving  ris«  to  the  long  prisniatic  tafls  abon 
tlescribed.  Simitar  considerations  will  apply  to  the  anomaloju 
appeamnces  presented  by  the  rings  of  all  the  other  orders,  an3 
-in  every  situation. 

■  This  euggeatB  a  very  simple  and  pleasing  experiment,  whici 
jkSbrds  an  ocular  demonstration  of  the  adequacy  of  the  e:(plaua- 
tion  I  have  advanced.  Let  a  plate  of  Rochelle  salt  be  placed  in  ^ 
a  tourmaline  apparatus  in  any  azimuth  (45°  is  the  most  conve- 
nient) and  firmly  fixed  on  a  proper  stand  in  a  dark  room.  The 
eye  being  now  applied,  let  an  assistant  illuminate  the  eineried 
glass  or  Teas  of  short  focus  *  which  disperses  the  light  previous 
to  its  incidence  on  the  first  tourmahne,  with  the  several  colours 
of  the  prismatricspeclruann  succession,  beginning  with  the  red. 
The  rings  will  then  be  seen  formed  successively  of  each  of  the 
colours,  perfectly  regular  in  their  figure,  but  contracting  rapidly 
in  dimension  as  ihey  become  illuminated  with  the  more  refran- 
gible rays.i-  At  the  same  time  the  pole  about  which  they  form 
vfill  be  seen  to  move  regulaiiy  in  the  direction  of  the  other  axis 
of  the  crj-stal,  and  if  we  pass  alternately  from  a  red  to  a  violet 
iUumination,  will  shift  its  position 'accordingly,  backwards  and 
forwards,  through  a  very  considerable  an^e.  If  rays  of  two 
colours  be  thrown  at  once  on  the  apparatus,  uieir  two  correspond- 
ing sets  of  ringa  will  be  seen  at  once,  crossing,  but  not  obliterat- 
ing one  another,  and  the  distance  between  their  respective 
centres  will  be  observed  to  increase  with  the  difference  of  their 
colours. 

By  measuring  the  interval  occupied  by  the  projeotiona  « 
the  centres  of  the  last  visible  red  and  violet  rings,  as  well  at 
ihose  of  the  intennediate  colours,  on  a  screen  at  a  knowu  di* 
ance  seen  with  the  other  eye,  I  found  the  following  values  oftia 
apparent  and  real  separation  of  the  several  coloured  axes  ; 

Between  Appnent  interval.  Kod  iatemL 

Bed  and  orange 0°  37'  very  uncertain ... .  0"  ^5' 

.'■  yellow 1  SO    rather  uncertain  .,1 

.''  green 3  43    ditto 2 

*'  blue 6       5     

indigo 8  19 , 

violet .9  46     J .....'6    31 

>    As  a  mode  of  measuremejut  this  inielEbJ  is  very  inaccWate^  1 

■  Sec  Uie  dnctiption  of  in-aiqiaratus  of  this  kind,  subjmDcd. 

t  See  Lectiano  II^CiciEr,  lib.  ii.  I'm.  i.  Otu.  xiii.  fiam  vfaicb.^e  id**  of  i 

tlment  is  taken.     "Magnique  voluplnte  perfuauB,"  says  Ntwlon,  with  the  ei 

of  the  true  philosopher  who  loves  ihc  field  he  liihonrs  ic,  "  videbun  e&  dOatoii^ 
^□trahere  m  gradatim  pro  co  ac  color  luminiB  immutabatur."  It  is  imposablc  to  ^ 
neu  the  v-e^  besutilul  pheDomenon  described  in  the  text  wilboul  enteimg  iota  die  MB 
Inili  of  feeluig. 

doidw    ,ii..rli:vT«iJ.     Jji/^'   s-iuuin-'i  ^^-^lU  I"    iwnii'puoa  odf  1 


V    ^  ■ 


JWt^^J.^  ti^^-  ^^Pf»^^  ^ed  and  violet  rays^   both  of  which 

T^giu^^be  copipustfj,.  add  io^eed  almost  entirely  absorbed  in 

^ifir  psm4g€^ithroughi  t\To  pl^^s  of  tofurmsdine  of  ayigliowish- 

greeh  colour.     Much  more  exact  and  unexceptionable  measum 

witt  ^Ijie  pcc^ntly^  given,  but  these  are  quite  sufficient  to  establish 

"^e. reqlity  q(  t$e  phenomenon  described. 

V.  Of'a  secondary  Cause  of  the  Deviation  of, Tints,  subsisting  ifi 
' 'cirtain  Crysiats,  and  of  the  anomalous  TintsoftheApophtfUiie. 

.  Ta  de^imine  the  dispersive  power  of  any  medium^  and  obtain 
sonie  rough,  knowledge  of  its  law,  we  make  a -prism  of  it  act  jp 
,(qppQgitKu^'to  one  of  a  standard  substance.  To  ascertain  the 
toUd.  dispersion  of  the  axes  of  a  crystal,  or  the  angle  by  whick 
the  extreme  red  :and  violet  axes  differ,  we  may  make,  it  acl 
a^nst  itself.  Since  the  violet  rings  are  more  elevated  by 
h|ractioR  than  Ihe  red,  from  the  situation  in  which  they  would 
appear  to  an  eye  immersed  in  the  medium,  a  plate  may  be  con- 
ceived cut  in  such  a  direction  aa  to  make  their  apparent  centres 
qbjlncide,  in  which  case  the  tints  immediately  about  the  polea 
vjU  coincide  y^ith  Newton's  &eale,  and  the  extraordinary  ima^e 
)iqU  totally  disappear  in  the  pole  at  an  azimuth  45^.  This  conm- 
lion  ^ves  JaaO,  fl^&fl  +  8f  =  0,  whence  (supposing  R,  R' 
the  indices  of  reft-action  for  extreme  red  and  violet  rays,  and  8  R 
si  R'  -  R)  we  find 

J  fl  =  8  ^  == j^  .  tan.  f 

The  aiigle  ^'however  becomes  imaginary,  and  this  metliod,  in 
poufiiequenQe,. inapplicable  when  the  separation  of  the  extreme 
axes  (l/i)iji  greater  than  the  maximum  dispersion  of  the  colours 
of  ail.  ini^omitted  white  ray,  that  is,  when 

an 

8a  >  : 

Let  UB  resume  our  equation  (6),  and  supposing  the  form  of 
the  function  4^,  and  the  constants  a,  k,  V,  R  and  8  K  ascertained, 
let  the  angle  0,  at  which  the  coincidence  takes  place  be  observed, 
and  the  value  of  8  a  will  then  become  known.  If  we  suppose  it 
small,  which  it  is  in  the  generality  of  crystals,  we  get 

^  ^  =  — 7T775 5  (^> 

d^     d  e 
(^  being  put  for  4^  (d,  y)  for  the  sake  of  brevity).     At  incidencea 
nearly  perpendicular,  8  f  may  be  neglected,  and  the  expression 
reduces  itself  to 

dv     d  e 
The  comparison  of  these  formulee  with  observation,   which 
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wiQ  lead  Lo  some  very  remarkable  conseijuences^  requires  us-^ 
know  the  form  of  the  fuuctioD  -i,  and  the  values  of  k,  ft',  l/ft 
will  begin  witli  the  former,  and  iii  this  investi^tion  the  firtt 
atep  is  to  determipe  the  general  equation  of  toe  iaochromatk: 
lines.  In  order  to  tliis,  we  must  separate  in  all  cases  the  law  a 
the  tint  from  that  of  its  ioteosity.  The  latter  depends  eatiTeqr 
on  the  greater  or  less  facility  which  the  emergent  ray  finds  m 
penetrating  the  priam  of  Iceland  spar  employed  for  its  analysu, 
and  will  not  enter  into  the  present  inveeii^brou.  When  in 
.examine  a  crystalUzed  plate  in  a  convenient  graduated  a{>pajwiii' 
between  tourmaline  plates  crossed  at  right  angles,  tumiog'it 
slowly  round  between  them  in  its  own  planCj  the  form  of  tib 
.eolomed  bands,  if  illuminated  with  homogeneous  light,  v^ 
remain  perfectly  unchimged  during  the  rotation,  but  the  two 
.blauk  hyperbohc  branches  passing  through  the  poles  will  oblite- 
rate in  succession  tveiy  part  of  their  periphery ;  and  the  apace 
over  which  the  darkness  extends,  as  well  as  the  degree  of  illjjr 
mination  of  what  remains  visible,  vaiyiiig  at  every  ittstaUt, 
.give  rise  to  so  gjfcat  a  variety^  of  appearances,  that  some  Utdf 
attention  is  required  to  recognize  this  perfect  identity  of  fi^n^ 
"When  the  tourmaline  next  the  eye  is  made  to  revolve,  the  er^ 
talliKed  plate  remaining  fi.\ed,  the  complicated  changes  whiiSk 
take  place,  are  perfectly  reconcilable  with  the  superpoaitioa4f 
the  primai'y  on  its  complementary  set  of  rings,  the  relative  iatatr 
sities  of  the  two  sets  at  any  point  being  regulated  by  laws,  we 
have  no  occasion  to  consider  at  present,  bat  the  figure  of  ttia 
i.soQhromatic  lines,  where  visible,  remains  absolutely  uachangfd 
h^  any  rotation  in  this  part  of  the  ^paratus.  '  '  ' 

To  form  afirat  hypothesis  on  the  nature  of  the  function  whlfk 
determines  the  equation  of  any  one  of  these  curves,  we  Dnw 
select  a  crystal,  where  the  proximity  of  the  axes  and  intensitj'ffl 
the  polarising  forces  aV-e  such  as  to  bring  the  whole  system  of 
rings  within  a  very  small  angular  compass ;  as  bv  this  means  «e 
avoid  almost  entirely  the  disturbing  etfect  of  the  variation  ia 
thickness,  arising  from  obliquity  of  incidence.  Dr.  Brewsterja 
Jiis  paper  of  ISlS,  has  chosen  nitre,  as  affording  the  best  gene> 
<Eil  view  of  the  phenomena,  and  it  is  admimbly  adapted  for  this 
purpose  ;  th«  whole  system  of"  rings  being;  compiised  at  a.  vWf 
moderate  tliickaeas  wjthin  a  space  at  10°,  allowing  us  to  regard 
their  projection  on  a  plane  perpendicular  to  the  optic  asis  as  a 
true  representation  of  their  figure,  undistorted  by  refraction  at 
the  surface,  iiic.  If  we  examine  the  rings  in  this  crystal  (illumi- 
tmted  with  homoeeueou^  light,  or  by  tlie  intervention  of  a  red 
-'-  "  ip  common  day-light),  it  will  be  evident  that  the  g^lMiii 
of  any  one  of  them  is  a  re-entering  syuametriosi  ove^ 
jyl^ich  no  straight  line  can  out  in  mare  than  four  points,  and' 


which,  by  a  varidtiQn  of  sanje  constant  parameter,  is  m  one  state 
wlioHy  concave,  as  1,  fig.  4,  thei*  becomes  flattened, 


,     .^     .  .  as  2 ;  then 

ordinate  and  points  afcuntrary-tlexiu'e,  ai'S ; 
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tbsi^  ft  node,  as  4 ;  after  which  it  Beparates  into  two  conjagalia 
.mid8>  ms  S ;  which  ultimately  oontraot  themselves  into  the  polet 
jP^.  P^  as  conjugate  points.  The  gieneral  idea^  bears  a  stnkinfir 
{etj^mblance  to  the  variation  in  form  of  the  curve  of  the  fourth 
i)i4ei^,  sa  w#U  known  to  geometers  under  the  name  of  the  lem- 
lusoatey  whose:  equation,  is 

•  .■■',-■••■■••. 

when  the  paxameter  b  gradually  diminishes  firom  infinity  to  asero, 
.3  a  being  the  constant  distance  between  the  poles.  In  order^ 
liow^y^]^  to  put  this  to  a  satisfactory  exaioinationy  accurate 
meiusiiiRes  must  be  taken,  which,  in  the  case  of  nitre,  from  the 
loinuteness  of  the  sy«stem  of  rings,  presented  at  first  some  diffi- 
odtisii.  These  I  obviated,  after  many  fruitless  trials,  hy  a  mode 
of  observation  which  I  have  found  extremely  convenient  and 
accQrsrfe,  and  whidi  applies  particularly  well  to  the  present  pur- 
pose.. It  copsists  in  projecting  the  rings  bv  solar  light  on  a 
4K^en  in  a  djEurkened  room,  by  which  means  they  may  be  magni- 
fied to  ^y  required  extent,  examined  at  perfect  leisure,  and  in 
#,  thetir  phases^,  aod  measured  or  traced;  with  a  pencil  with  the 
Itooet  exfustoesa  wd  facility..  They  mny  be  thus  exhibited  too 
;tiQf  a»  onmber  of  ^peqtators  at  once.;,  a  thing  which  may  prove 
'Mnopeahle  to  the  lecturer,  for  which  i^asoii  I  have  subjoined  to 
.ti«l  p^er  tb  brief  description  of  the.  apparatus  I  employ. 

•  Hfivmg.cut  a  'very  peefect  crystal  oi  i^itre  at  right  angles  t(Tits 
Mie  of  cvyntaUication,  and  adjusted  it  nropctrly  on  this  apparatus^ 
thutrngsr  WGva  prgjeol^d  on  a  large  ^eet  of  paper,  stretched^ 
while  moist,,  on  a  drawing  board,  by  which,  means  it  assumes  a 
^imly  :idane,sui2{ace  by  the  contraction  it  undiergoes  while  drying. 
The  poles  were  then  marked,  and  the  loci  of  the  successive 
ttMieatarfor  red  rays,  parefully  outlined.    The  s^r^en  being  thto 
imnoved,  aseiies  of  lemniscates  were  laid  down  by  points,  hav- 
ing .il)ue  same. poles,  and  one  com^non  point  in  each^  chosen 
where  the  tint  was  most  decided..    It  is  unneQessary  to  give  any 
Mmpajnatiive  statement  of  measures  in  the  observed  and  con- 
iSkFttCited  curves,.  a3  the  points^  graphicalLy  laid  dpwn,  uniformly 
i&U.QO'the.pipnGiUedoutluies,.  or,  in  the  few  in^tapc^s  to  the  con- 
•tmry,  wiihm  limits  less  thanthe  very  trifling  irregularities  of  the 
.«AlliQee  thenu|ely^s. 

The  graphical  construction  of  these  curves  is  rendered  , 
extremely  easy  by  the  elegant  and  well-known  property  of  the 
lemniscate,  in  which  the  rectangle  under  two  lines  drawn  from 
the  fbci  (or  poles)  to  any  point  in  the  periphery,  is  invariable 
throughout  the  whole  extent  of  the  curve.  .  This  is  eaisHy  shown 
ifipm  Its  equatioUy.tM^d  the  value  qf  this  constant  rectangle  in  any 
one. curve  is  expressed  by  a  6. 

s.i  M^e  mift  next  enqjiirq^hpw  the  QQnBtaJpLt:parameter  b  varips  in 
passing  fi^m  ring  to  ring*  ,To  this  end  f  projected  the  rings^ 
lUttminated.by  red  light  only,,  on  a  screen  as  before,  and  having 
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48 

— 

25 

74 

C 

12 

s    w 

29-65 

29-49 

54 

47 

— 

^^^^ 

90 

13 

N    W 

29-90 

2947 

46 

29 

■  -^ 

78 

9* 

14 

N      E 

29*98 

29-90 

39 

30 

— 

84 

15 

S        E 

29-90 

2979 

34 

26 

— 

62 

l6 

S        E 

2979 

29-73 

35 

30 

— 

* 

— 

78 

J7 

E 

30-10 

2973 

41 

34 

40 

91 

1« 

£ 

80-23 

30' 10 

57 

41 

56 

02 

94 

0 

19 

S 

30-35 

30-23 

50 

36 

— 

— 

100 

20 

s 

30-35 

30-11 

50 

40 

— 

05 

100 

21 

w 

30-15 

30-09 

50 

33 

-i- 

71 

22 

s    w 

30-09 

3001 

43 

34 

— 

04 

88 

23 

N 

30-01 

29-95 

42 

33 

— 

— 

90 

24 

N      E 

2995 

2993 

^5 

.    30 

— 

64 

25 

N      E 

2993 

29-88 

32 

27 

""""    ( 

67 

26 

E 

2996 

29-88 

32 

29 

70 

> 

27 

E 

29*99 

29-96 

38 

28 

* 

^^^■M 

65 

28 

E 

3004 

29-99 

33 

25 

— 

61 

2S 

E 

30-04 

30-03 

29 

24 



' 

59   ' 

30 

>     E 

3003 

30-02 

29 

22 



60 

31 

N      E 

30-02 

29-97 

30 

21 

45 

58 

\ 

30-35 

29-47 

57 

21 

101 

1-67 100—58 

ft 

Tlwolaermtionflin  each  line  of  te  table  mIj  t»  m  peiM  if  twj 
eginning  at  9  A.  M.  on  the  day  indicated  in  me  fint  oolnnui.  A  ' 
le  xamlt  isindoded  in  the  nesct  raUowing  obsenratioii. 
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BEMARES.  ^^^^H 

Ticcl/lMfoiith.—  l.  2.  Cloudy,  3.  Cloudy:  windy  right.  4.  Fine.  5.  CiMifi 
6—9.  Cloudy.  10.  Overcast:  some  rain,  II.  Ovcrcaat.  12.  Cloudy:  nii^ 
night  IS.  Show^  aiili  giSt»  of:Wind  reoat  of  the  day :  >oi«c  <*t»t  one,  p.m.i 
about  half-poit  eight,  p.  m.  a  lunar  coron*  sutiouflded' by  a  'douhIe.q>louted  hall, 
l4.Fine.  15.  Windy:  bleak.  16.  tlain :  sleet:  snow:  boislerous.  17.  Gloomyi 
ground  covered  with  snow  in  the  moaung-  19.  Gloomy  :  the  snow  nearly  all  ga^ 
19.  Foggy  night!  a  faint  lunar  halo,  of  the  largest  diameter,  ahout  right,  p.in. 
Sa  Gloomy.  SI.  Gloomy  ;  fbggy.  'S!.- Foggy  mcBning  :  cloudy.  23,  Ovenait: 
drizjling.  34.  Bleak.  35.  Cloudy:  bleak.  96,  87.  Bleak  and  cloudy.  28. 
dear  morning :  very  cold  wind.  29,  SO.  Cloudy :  very  cold  and  bobteroua  ' 
31.  Ovracwt:  cold  wind. 


"WWl!  Iff,  If  NE,  4;  E,  8;  SE,  »i  S,  3i  SW,  5;  W,  5;  NW,  V^V.'^ 
Sarometer:  Mean  height 

For  the  month , £9-983  ind» 

Foe  the  luDBTpeiiMl,  ending  die  !7th SO-OOS       "'t 

For  13  days,  ending  the  18th  (moon  south) 29-990        ''' 

For  14  days,  ending  the  S6tb  (moon  north) 29-981        ,'^ 

Tbeimometei :  Mean  bright  ^ 

For  the  month 39-241*       ., 

For  (he  lonar  period 40-645 

For  89  days,  the  sun  in  Capricomua 42-48! 


Bain 

Mean  of  hygrometer. 


Ctiantltr^,  Stratford,  Firit  Month,  16,  : 
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On  the  Action  of  Crystallized  Bodies  on  Homogeneous  Light,  and 
on  the  Causes  of  the  Deviation  from  Newton* s  Scale  in  the 
Tints  which  many  of  them  develope  on  Exposure  to  a  polarised 
Ray.  By  J.  F.  W.  Herschel,  Esq.  FBLS.  Load,  and  Edin. 
(With  a  Plate.)       ' 

(Concludcd/ramp.  13S.) 

Our  equation  (b)  gives  room  for  a  remark  of  some  conse- 

Suence,  as  it  affords  a  striking  verification  of  the  theory  here 
eUvered.  It  will  be  observed  that  this  equation  does  not 
involve  t,  and  in  consequence,  the  angle  i  determined  from  it,  at 
which  the  coincidence  takes  place,  is  the  same  for  all  values  of 
t,  or  for  all  thicknesses  of  the  nlate.  The  observations  of  the 
tints  in  the  tables  given  above  anord  us  ample  means  of  putting 
this  remarkable  consequence  to  the  test  of  experimetit.  In  fact^ 
in  the  three  series  of  tints  observed  in  sulphate  of  baryta,  the 
apparent  angles  between  the  axes  for  the  mean  red  rays  are 
respectively  o2^  0',  62°  2',  and  61°  63',  the  mean  of  which  is 
61°  58^^  while  the  apparent  angles  between  the  virtual  poles  in 
the  same  series  are  72P  4^^,  72°  36^  and  72°  47^  The  semi- 
excesses  of  the  latter  angles  over  the  mean  value  of  the  former 
are  the  apparent  angular  distances  of  the  virtual  poles  from  the 
axes  of  mean  redrays^  and  are  respectively  6°  24',  6°  ly,  6°  25', 
neither  of  which  diners  more  than  4'  from  the  mean. 

To  ascertain  the  real  value  of  6,  we  have  only  to  compute  the 
angles  of  refractioiu  In.  the  specimen  employed,  I  found  1*6475 
for  the  index  of  ordinary  refraction,  and  the  angles  of  incidence 

New  Series,  vol.  x.  l 


IflS  Mr.  Henchd  on  the  Action  of  [HabcS, 

(the  halves  of  the  above  angles)  being  30°  69',  and  36°  23', 
86"  18',  36°  24';  the  corresponding  angles  of  refraction  an 
18°  12'30"(=  n),21°6'  lU",  21°  3' 40",  21°  6' 40";  andBince 
(  =  ?i  -  fl  in  this  case,  we  find  for  the  values  of  S,  2°  63'  40", 
2°  61'  10",  ?>  54'  10",  the  mean  of  which  gives  2°  53'  0"  for 
the  real  angular  distance  of  the  virtual  pole  from  the  axis  of 
mean  red  rayi  in  sulphate  ofbaryta. 

Again,  in  the  series  of  tints, 'Tables  V,  VI,  VII,  forRochelle 
salt,  the  apparent  angular  distances  of  the  mean  red  axis  from 
the  virtual  pole  we«e  277°  8'  -  267°  36'  =  19^  33' ;  281'  30* 
~  202°  0'  =.  19"  30',  and  282"  0'  -  262°  25'  =  19"  36',  of 
which  neither  differs  more  than  3'  from  the  mean  19°  33', 

Dr.  Brewster  (Phil.  Trans.  1814,  p.  216)  has  stated  the 
refractive  index  of  this  salt  at  I '615;  but  this  is  certainly  a  little 
too  large.  In  four  experiments  made  at  distant  intervals  of 
time,  and  by  different  modee  ofobaervatkm,  I  have  foimd 


1-49640 
1-49670 


1-50220 
1-49863 


for  the  index  for  the  mean  ycUow-green  rays,  of  which  detenm- 
iiations  the  last  is  to  be  preferred,  having  been  made  with  great 
care.  The  same  experiment  gave  1-49293  for  the  index  for 
mean  red  rays.  The  apparent  angnlar  distance'  of  the  Ojiii  ftf 
red  rayS  from  the  perpendicular  was  1 6°,  v^hich  leavea  3°  S3' 
fOT  the  angular  Histanoe  of  the  virtual  pole  from  the  perpendi- 
«ular.  These  angles  of  incidence  correspond  to  the  respeotive 
angles  of  refraction  10"  38'  20"  and  2°  22'  40",  of  which  the 
sum  13°  I'  is  the  real  ang-le  between  the  virtual  pole  and  mean 
red  axis  in  Uochelle  salt.  The  aeries  in  Table  IV,  gives  13°  2' 
25"  for  tlie  value  of  fl,  which  agrees  completely  with  the  fore- 
going determination. 


1  toot  seven  ^ates  of  nitre  of  various  thicknesses,  tfod  C^  , 
from  different  crystals,   and   by  a  mode  of  observation  'tolBM 
described  hereafter,  found  as  follows  :                                        *| 

T»B1B  VIII. 

1 

cf  (he  plate. 

Mean  dfawice  Of' ihe Virtual 
poIt<  from  die  axis  of  mean 
fellow  raj»  (appaiHii). 

above  the        Order  riflhecoinddenen.     ,tl 

8 
-1 

lo  SO* 

1      51 
1      5T 
1      5S 
1     B5 

-4' 

-3 

+  3 

AUttlc  lieyondthethird  maximinJ 
DI(FereiH  at  the  two  onremidei     ■ 
Second  maximum                       ''flB 

A.little  bcjotid  the  d^Ul  n^9 

5 

+  5 

i;i->»  ■ , 

■     '  ?3    „ 

mi^:-' 

■'"n-^"» 
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'Allho\agli'the  constancy  of  the  position  of  the  virtual  pole  for 
)$ififereM  thicknesses  is  sufficiently  made  out  hefe,  the  small 
^Sifl^refiiceB  which  eidst  otre  certainly  not  attributable  to  errors  of 
observation,  which,  in  the  method  1  employed,  are  usually  con- 
fitted  within- much  narrower  limits.  They  are  due  to  minute 
irregularities  in  the  crystsils  themselves,  consisting  probably  in  a 
istate  of  imperfect  equilibrium  of  the  molecular  forces  of  aggre- 

Edon,  to  whmh  this  salt  is  so  subject,  that  it  is  rather  rare  to 
d  a  fijpecimen  in  which  the  rings  beyond  both  poles  have 
ttaedy  the  same  breadth  or  tints. 

IV.  Of  the  Tints  developed  b^  Crystals  with  two  Axes  ont  of  the 

principal  Section. 

If  we  place  a  crystallized  plate  at  an  azimuth  zero  in  a  tourma- 
fine  apparatus,  having  the  axes  of  the  tourmalines  at  right 
imgles,.  we  shall  observe,  if  its  thickness  be  at  all  considerable, 
that  the  two  oval  spots  on  either  side  the  axis  of  symmetry 
(which  is  now  perfectly  black)  instead  of  being  exactly  regular  in 
their  figure,  as  in  PI.  iV.  fig.  2,  and  tinged  with  colours  symme- 
trically disposed  on  either  side  of  a  hue  m  it  perpendicular  to 
die  principal  section,  are  invariably  coloured  at  one  extremity  r 
with  a  strong  prismatic  red  hue,  and  drawn  out  at  the  other  v 
Into  more  or  less  elongated  and  tapering  spectra  or  tails  of  blue 
intl  violet  light.  The  extremities  r,  r  of  the  rings  too  have  a 
laiige  excess  of  the  red  rays,  and  the  opposite  v,  v  of  the  violet 
rays.  In  crystals  of  the  first  class  above  described,  the  red 
extremity  is  turned  tcfwards  the  other  pole,  while  in  those  of  the 
second  it  is  directed  from  it.  If  we  subject  a  plate  of  Rochelle 
salt  to  this  examination,  the  ovals  a,  a,  are  drawn  out  to  a  sur- 
InJsrng  length,  and  the  whole  prismatic  spectrum  is  displayed  in 
thetn  with  great  vividness  of  colour,  while  the  violet  portions  of 
the  rings  are  greatly  elongated  also,  and  appear  to  run  itrto  one 
another.  If  the  plate  be  turned  round  in  azimuth,  the  phenomena 
assume  the  most  singular  appearances  of  distortion ;  and  as  the 
rotation  approaches  to  46°,  the  rings  in  the  vicinity  of  the  pole 
are  gradually  obliterated  by  their  mutual  overlapping,  which  is 
the  greater  the  thicker  the  plate.  In  all  situations,  however,  the 
interposition  of  a  red  or  dark  green  glass  immediately  restores 
the  perfect  symmetry  and  regularity  of  the  rings,  which  are  then 
seen  in  much  greater  number,  and  completely  well  defined. 

All  this  is  the  necessary  consequence  of  the  want  of  coinci- 
dence of  the  axes  for  dififerent  colours.  The  lateral  spots,  for 
example,  are  formed  for  each  homogeneous  colour  with  perfect 
regularity  close  to  their  corresponding  pole,  and  regularly 
-decreasing  in  size  from  the  red  to  the  violet.  Their  arrangement 
trill,  therefore,  be  as  represented  in  fig.  3,  R,  O,  Y,  &c.  being 
the  pdicA  corresponding  to  tlie  several  colours,  red,  orange,  SCc. 
The  ovsl  flpots  composed  of  red  rays  being  represented  by  r,  r, 
those  of  the  other  colours  will  be  super-imposed  on  them  in  their 
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order,  overlapping,  as  repr^seut^d  by  the  dotted  ovals  OQ^sj, 
Btc.  like  the  circular  coloured  iaiages  of  the  sun  in  the  spectrum 
of  an  ktrdinary  prism,  giving  rise  to  the  long  prigmatic  talis  abifve 
ikicribcd.  Sioiilw  coiiBiderations  will  apply  to  the  anomalo0s 
-aAtticatntii-es  presented  by  the  rings  of  all  the  other  orders,  an3 
tin  mvavf  situBtioa. 

I  Thi«  ftUpJtCStB  *  very  simple  and  pleasing  experiment,  whicll 
^Rjrvla  ail  viciilar  demoiisiniiion  of  the  adequacy  of  the  explausr 
tioti  I  have  adv^iccd-  L^^t  u  ^Utc  of  Rocbelle  salt  be  placed  i^ 
'%  (m«mi«litii'  apiMiratxia  in  any  azimuth  (45°  is  the  most  conve- 
rttntl  «M  rtnuly  fixed  on  a  proper  stand  in  a  darlt  room.  The 
vw  bfiiw  now  npi>li«d,  kt  an  assistant  illuminate  the  emet'ied 
b1«««  i«  ki»  «.»*'  »J»'rt  fix-US  *  which  disperses  the  light  previois 
U*  n«  (iH'tdfnor  on  the  first  tourmaline,  with  the  several  coloun 
iU'lhr  wiaiX)ntric»poctrumin  succession,  beginning  with  the  red, 
i"h«'  i»>|i«  «ill  then  be  seen  formed  successively  of  each  of  t^ 
t«Al>4Li»,  MflVctly  regular  in  their  figure,  but  contracting  rapt^Ar 
in  Uimeiuiiun  us  they  become  illuminated  with  the  more  reiHnv 
i(iWf  lUVK.t  At  the  same  time  the  pole  about  which  they  fbni 
Mill  tio  Men  to  move  regulaily  in  the  direction  of  the  other  axis 
i4  i\w  crvslal,  and  if  we  pass  ahemately  from  a  red  to  a  violet 
(Uununnlion,  will  shill  its  position  Accordingly,  backwards  aiiS 
fivwui'da,  through  a  very  considerable  angle.  If  rays  of  two 
cciKiara  be  thrown  at  once  on  the  apparatus,  their  two  correspond- 
ing sets  of  rings  will  be  seen  at  once,  crossing,  but  not  oMiteraU 
uig  oue  another,  and  the  distance  between  their  respective 
centres  will  be  observed  to  increase  with  the  difftrence  of  their 
colours. 

By  measuiinc  the  interval  occupied  by  the  projections  <)t 
the  centres  of  uie  last  visible  red  and  violet  rings,  as  welt « 
these  of  the  intermediate  colours,  on  a  screen  at  a  known  dicH^ 
ance  seen  with  the  other  eye,  I  found  the  following  values  of  thl 
apparent  and  real  separation  of  the  several  coloured  axes  : 

Between  Apparent  iateival.  Real  iaUml,' 

Hed  and  orange 0°  37'  very  uncertain ... .  0*  25^  .. 

yellow 1     50  rather  uncertain  ..1     13     , 

green 3     43  ditto 2     29'"* 

ialue 6       5  4       3^ 

indigo 8     19  .,..5     33'"" 

violet .9     46  : ' ,.,..-6    31    ' 

As  a  mode  of  measurement  this  inelhoJ  Is  vety  inaccotate^ 

_;.,*  See  tlut  detniplian  of  ansraHiratuB  of  this  kind,  inilijaiaeiL  .  '    II 

^,  f.  See  LcccioneB  (^ticie,  lib.  li.  Eua.  i-  OUh  xiii.  fram  which  .^'i4«*  of  llu.npt* 
Hment  is  taken.  "  MagnSquc  vDluptnle  perfuBua,"  tyays  NewUin,  with  die  ebthuuum 
of  the  true  philoaophLT  who  loves  ihe  field  he  Ubours  in,  "  videbam  cm  dllatart^t 
omtrahere  le  gradatim  pro  eo  ac  color  luminiR  immutabatur."  It  is  impossible  to  wit- 
ncM  the  very  beauoftJ  phenomenon  described  in  the  test  wiltiout  enlering  into  Uic  him 
bain  of  feeling.  ,  ^ 
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JiVS^VWJ.  4P:.1^^  extreme  red  and  violet  rays,  both  of  which 
^W9!ud^^W  copiousfy,.  and.  indeed  almost  entirely  absorbed  m 
^fieir  pasflAge.thrott^hi  tvro  pl«tes  of  tourmaline  of  ay^IIowis^- 
gnseh  colour.  Much  more  exact  and  unexceptionable  measuRes 
will  Jiie  prc^ntly  given,  but  these  are  quite  sufficient  to  establish 
.'^e.rfiui^y  of  the  ph^  described. 

V.  Of'aseconidry  Cause  of  the  Deviation  iff.  Tints  y  subsisting  ifi 
'"  cirtam  Crysialsj  and  of  the  anomalous  TintsoftlteApophyUiie^ 

;  To-  detetmine  the  dispersive  power  of.any  medium,  and  obtain 
some  rpugh,  knowledge  of  its  law,  we  make  a  prism  of  it  act  in 
jQppo^jt^Q^  to  one  of  a  standard  substance.  To  ascertain  the 
tow.  dispersion  of  the  axes  of  a  crystal,  or  the  angle  by  whick 
i^e  extreme  red  :and  violet  axes  differ,  we  may  make,  it  acl 
s^nst  itself.  Since  the  violet  rings  are  more  elevated  by 
iefractipa  than  Ihe  red,  from  the  situation  in  which  they  would 
appear  to  an  eye  immersed  in  the  medium,  a  plate  may  be  ccn- 
ceiyed  cut  in  such  a  direction  as  to  make  tiieir  apparent  centres 
fspincide,  in  which  .ca$e  the  tints  immediately  about  the  poles 
.win  coincide  ii^th  Neijirton's  scale,  and  the  extraordinary  image 
.villi  totally  disappear  in  the  pole  at  an  azimuth  45^.  This  conm- 
lion  ffives  4ss;.0,  d"— ^a-hSf  =  0,  whence  (supposing  R,  R^ 
the  indices  of  refiraction  for  extreme  led  and  violet  rays,  and  8  R 
;=i  R' -  R)  we  find 

fffl  =  3^= =•.  tan.  f 

The.ftiigle  f -however  becomes  imaginary,  and  this  method,  in 
po]}3equencey  inapplicable  when  the  separation  of  the  extreme 
axes  (S/z).is  greater  than  the  maximum  dispersion  of  the  colours 
pf  anintromitted  white  ray,  that  is,  when 

8a  >  —==r 

Let  us  resume  our  equation  (6),  nnd  supposing  the  form  of 
the  fiinction  4"^  and  the  constants  a,  k,  k^,  R  and  8  K  ascertained, 
let  the  angle  B,  at  which  the  coincidence  takes  place  be  observed, 
and  the  value  of  $  a  will  then  become  known.  If  we  suppose  it 
small,  which  it  is  in  the  generality  of  crystals,  we  get 

(>P  being  put  for  4^  (d,  O  for  the  sake  of  brevity).  At  incidences 
nearly  perpendicular,  $  ^  may  be  neglected,  and  the  expression 
reduces  itself  to 

dv     d  e 
The  comparison  of  these  formulee  with  observation,   which 
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B:in  leaJ  to  Bome  very  remarkable  conseq^uencesj  requires  uajfc 
know  the  form  of  tlie  function  ^  and  iJie  values  of  k,  k',  raj 
will  begin  with  the  former,  and  in  tliie  investigation  the  firtf 
step  is  to  determine  the  general  equation  of  tiie  isochromatip 
lines.  In  order  to  this,  we  must  separate  in  al!  cases  the  law  m 
the  tint  fmm  that  of  its  intensity.  The  latter  depends  entiren'' 
on  the  greater  or  less  facihty  wnieh  the  emergent  ray  finds  a. 
ijienetniting  the  prism  of  Iceland  spar  employed  for  its  analyaitf^ 
aud  will  not  enter  into  the  present  inveeli^tiou.  When  *a 
examine  a  crystallized  plate  in  a  convenient  graduated  apparatin- 
between  touiinaline  plates  crossed  at  right  angles,  turning 'St 
slowly  round  between  them  in  its  own  plane,  the  form  of  tfie 
.eolomed  bands,  if  illuminated  with  homogeneous  light,  WQl 
remain  perfectly  unchanged  during  the  rotation,  but  the  twp 
,hlack  hyperbolic  biauches  passing  through  the  poles  will  obliftt 
^ate  in  succession  eveiy  part  of  tJieir  periphery ;  and  the  spttCp 
over  which  the  darkness  extends,  as  well  as  the  degree  of  iUi^ 
jninatiou  of  what  remains  visible,  varying  at  every  instait 
give  rise  to  so  ^reat  a  variety;  of  appearances,  that  some  htJi^ 
,alteDtiou  is  required  to  recognize  this  perfect  identity  of  figM^ 
"When  the  tourmaline  next  the  eye  is  made  to  revolve,  the  ci^ 
-titHieed  plate  remaining;  fixed,  the  complicated  changes  whiQ^ 
take  place,  are  perfecUy  recpncilable  with  the  superposition  ^f 
the  primaiy  on  iLs  complementary  set  of  rings,  the  relative  intel^ 
sities  of  the  two  sets  at  any  point  being  regulated  by  lawb,  we 
have  no  occasion  to  consider  at  present,  but  the  ftgure  oftbe 
isot^hrumatic  bnes,  where  visible,  remains  absolutely  uachancM 
ty  any  rotation  in  this  part  of  the  apparatus. 

To  form  a  first  hypothesis  on  the  nature  of  the  function  whl.^]^ 
determines  the  equation  of  any  one  of  these  curves,  we  tnw 
select  a  crystal,  where  the  proximity  of  the  axes  and  intensitjia 
the  polarising  forces  aTe  such  as  to  bring  the  whole  system  «f 
rings  within  a  very  small  angular  cora])ass ;  as  by  this  means  we 
avoid  almost  entirely  the  disturbing  effect  of  Che  icarifttiim  in 
j^okness,  arising  from  obliquity  of  incidence,  Br.  Brewflter,  it. 
]kts  paper  of  18lS,  has  chosen  nitre,  as  attbrding  the  bestgens* 
ml  view  of  the  phonomena,  and  it  is  admirably  adapted  for  tJlM 
purpose  ;  th«  whole  systetn  of  rings  being  comprised  at  a  ynf 
moderate  tliiekoess  within  a  space  of  10°,  allowing  us  to  regard 
their  projection  on  a  plane  perpendicular  to  the*  optic  axis  as  a 
true  representation  or  their  figure,  undistorted  by  refractton  at 
the  surface,  &.c.  If  we  examine  the  rings  in  this  crystal  {illumi- 
Hftted  with  homogeneous  light,  or  by  the  intervention  of  a  i-a^ 
glajds  in  commoti  day-ligtd:),  it  vrill  be  evident  that  LJie  getierd 
form  of  any  one  of  them  is  a  re-entering  symotetrio^  Ov^^j 
which  no  straight  line  can  out  in  more  than  four  points,  and' 
which,  by  a  varidtipii  of  some  con Bt'ant  parameter,  is  m  one  state 
wholly  concave,  as  1,  fig,  4,  them  becomes  flattened,  as  2;  tlien 

pkes  a  minimum  ordinate  and  points  ofcontrary  ff exitre,  ai  3 ; 
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Iftogi  a  noddy  aa  4 ;  after  which  it  Beparates  into  two  coDJngaite 
'5yfids>  aa  S ;  which  ultimately  oontraot  themselves  into  Ae  polea 
P^  P'  as  conjugate  points.  •  The  general  idea,  bears  a  sttikiuor 
lea^mblance  to  the  variation  in  form  of  the  curve  of  the  fourtK 
Oidei^,  m  w^  known  to.  geometers  under  the  name  of  the  lem- 
wsoate,  whose,  equatioa  19 

:  whea  the  pajpameter  b  gradually  diminishes  from  infinity  to  zero, 
.  2  a  being  the  constant  distance  between  the  poles.  In  order, 
howQ¥ei^  to  put  t)4s  to  a  satisfactoiy  examination,  accurate 
■  meaausea  must  be  taken,  which,  in  the  case  of  nitre,  from  the 
iQinnt^neBs  of  the  system  of  rings,  presented  at  first  some  diffi- 
<^idtiQ0^  These  I  obviated,  aflqr  many  fruitless  trials,  by  a  mode 
of  ohsiM^vation  which  I  have  found  extremely  convenient  and 
accmi^,  and  which  applies  particularly  well  to  the  present  pur- 
pqse«  It  copisists  in  projecting  the  rings  by  solar  light  on  a 
«c^neen  in  a  diurkened  room,  by  which  means  they  may  be  magni- 
fied to  any  required  extent,  examined  at  perfect  leisure,  and  in 
idl:  tbajf  pMses»,  aqd  measured  or  traced  with  a  pencil  with  the 
mtoo^t  exa^tmsa  an4  foicility.  They  may  be  thus  exhibited  too 
.4q  a  aiunber  of  speotators  at  once ;.  a  thing  which  may  prove 
<Mnaoeafale.to  the  led^urer,  for  whipb  reason  I  have  subjoined  to 
.this  pif^r  a  brief  description  of  the  apparatus  I  employ. 
,  Having.cut  a  very  pecfect  crystal  of  nitre  at  right  angles  tcTita 
4Mm  of  evyntaUisalion,  and  adjusted  it  propcirly  on  this  apparatus, 
tba.raigSrW^FQ  prpjec^d  on  a  large  sheet  of  paper,  stretched, 
while  moist,,  on  a  drawing  board,  by  which,  mieana  it  assumes  a 
troly  .plane,  auc&ce  by  the.  contraction  i^  undergoes  while  drying. 
The  polea  ware  than  marked,  and  the  loci  of  the  successive 
OMUdoiflijfor  red  raya.parefuUy  outlined.  The  screen  being  then 
mmoved,  a  aeries  of  lemniacates  were  laid  down  by  points,  hav- 
.ing  «the  same  polea,  and  ona  common  point  in  each,  chosen 
where  the  tint  was  most  decided.  It  is  unnecessary  to  give  any' 
ceoipajRaAive  statement  of  measures  in  the  observed  and  con- 
4toioted  curves,;  as  the  pointy,  graphically  laid  down,  uniformly 
.flU;Onthe:peno&Uedoutlmes,. or,  in  the  few  in0ta)ices  to  the  con- 
■tiary,  withm  limits  less  than  the  very  trifling  iiregularities  of  the 
.^lUliQes  themselvies. 

The  graphical  construction  of  these  curves  is  rendered 
extremely  easy  by.  the  elegant  and  well-known  property  of  the 
lemniscate,  in  which  the  rectangle  under  two  lines  drawn  from 
the  fbci  (or  poles)  to  any  point  in  the  periphery,  is  invariable 
throughout  the  whole  extent  of  the  curve.  This  is  esusily  shown 
j^m  Its  equatio.n,.and  the  value  qf  this  constant  rectangle  in  any 
one. curve  is  expressed  by  a  6. 

'.....We  wift  next enqji^re.hpw  the  Gonstaiit parameter  b  yarips  in 
passing  fi;om  ring  to  ring,  .  To  this  end  I  projected  the  rings, 
illuminated  by  red  light  only,  on  a  screen  as  before,  and  having 
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4mdined  the  successive  loci  of  the  minima  of  illuminatioD,  and. 
laid  down  the  poles,  found  the  values  of  a  d  in  the  several  leiq^ 
niscates,  as  in  the  following  table :  , ,  ■      -     u 


Oidmofihemi- 

ObHryed   Ttlues 
of  a  1)  in  nquare 
Inchis. 

Difference.. 

VlduesofaAcom. 
puled  ftom   for. 
muU-.7,  =  1-59 

Excess   of  com. 

puled  BbOTE.oll* 
Fiervcd   values  of 

,-..   n-  0 

11-00 

OtXt 

0-OQ    ,  rt 

i 

Ida 

I-GS 

1-59 

-0-03   ^  " 

2 

3-165 

I-.W5 

S-18     ' 

+  0*8      '" 

4-00 

l'5^5 

4-77 

+0-OS     f; 

e-^T 

e-36 

+  0-U9        „ 

vm 

1  BO 

7-95 

+  0-08      4 
-0-08      T 

1-69 

9-54 

11-09 

153 

11-13 

+0-04    ■  r 

S 

127T 

l-«8 

1B-T« 

-0-OS        s 

9 

14  33 

1-56 

14-Sl 

-01^        , 
-003       " 

10 

15-93 

1-eo 

15-90 

Mean  1-39 

■    .dl 

■i 

The  nature  of  the  illumination  not  allowing  the  deliaeatJODr  te 
be  performed  with  the  same  freedom  and  precision  as  in  a  fullest 
light,  the  valuea  of  a  i  in  the  second  column  are  the  means  oPt' 
great  number  of  measures,  taken  in  every  part  of  their  respective 
curves.  The  numbers  in  the  fifth  column  exhibit  the  excesses  of 
the  terms  of  the  arithmetical  progression  In  the  fourth  (whose 
common  difference  is  1*59,  the  mean  of  all  the  differences  in  tbe- 
third  column)  above  the  observed  valuea  of  a  b,  and  are  BO  smd* 
asftillyto  authorize  the  conclusion,  that  these  values,  and^~ 
course  those  of  the  parameter  6,  increase  in  arithmetical  po*- 
gresBion  with  the  order  of  the  rings  ;  or,  in  other  words,  thatths^ 
■nnmber  of  periods  performed  in  a  given  space  (=  1 )  by  a  lliibi- 
■nouB  molecule  going  to  form  any  point  M  in  the  projection  of  anri 
ring  is  proportional  to  the  rectangle  of  the  distances  P  M,  P'  M, 
of  that  point  from  the  two  poles. 

Now,  if  we  extend  our  views  to  crystals  in  which  the  djstaqcft^ 
between  the  axes  is  considerable,  we  may  reasonably  expect  that« 
the  usual  transition  which  takes  place  in  analytical  formulBe  fronif 
the  arc  to  its  sine,  when  we  pass  from  a  plane  to  a  spherical  si 
face,  will  hold  good.  If  this  be  the  case,  we  shsU  oai^.-kti"'" 
and  in  all  cases:  ,  .  ■,*!(,  i   h-. 

•f  ((,  fl')  ==  sin.  «..  aiii-ff*,-    ■>  t.i  'ii;  '\-<  > 

and  the  nature  Of  the  isochromatic  curv 
period  will  be  expressed  by  the  equation 

ain.fl.  sin.  t'  t±  -—  .  cos.  ^  =  n  k  .cos:p 
putting  h  for  t-.    If  the  plate  be  cut  at  right  angles  to  the  optic  J 
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.iL>iii:   ,: r .•  J.: r--.f :»:..:[■ 


.  t 


.-.;.;*> 


i'^-» 


.J   I. 


(/) 


and  consequently 

.  sin.  I  ^sin.  j9^  ==  s-r- (cos.  6  +  cos.  O  : 

l)cr  ptfTflri*  t»  Ae^tirol,  I  took  a  plate  of  micaV  whose^  thiclcnesir 
measured  (>Q23078  incb,  and  having  adjusted  it  accurately  on  a 
£¥ided  apparatus,  placed  it  in  an  azimuth  45^^  and,  by  the  inter-^ 
Tentibil  of  the  red  ^diss  ahove-mention^d,  obslerved  the  maxima 
and  minima  of  the  extraordinary  pencil,  between  the  pol^s.  As 
these  observations^  when  repeated,  seldom  agreed  unless  within 
a  feiiV^'Uiitiutes,  lO.w^re  taken  of  each  maximuih  and  mttiimum.. 
The  angles  of  incidence,  4^^^^^^  from  a  mean  of  simila^  obser- 
yations  on  each  side  of  thJe  perpendicular,  are  set  down  in  the 
second,  column  of  tbe  following  tkble,  each  number  in  wjiich  isy 
therefore,  a  mean  result  of  20  gbservations.  The  first  ^olunm 
contains  the  values  of  //,  6r  the  order  of  the  ring  observed  ;  the 
third,  the  angles  of  refraction,  to  obtain  which  I  used  the  index 
I'bOO,  employed  by  M.  Biot.*  The  fourth  and  fifth  columns 
contain- the  values  of  9>y,  thence  computed,  and  the  6th,  values 


•  ». 


of  thexoefficient  A,  deduced  from  the  formula  k 


sm.  9  •  sin.  0' 


,-♦ 


»«ji«    *.' 


Tablp;  ^.^Mica.     Thicknesi  =  0-023078  in. 


.j<ti 


uo. 


Jfrimii  Mtfmoiiti^ 


•  of  Ik, 


I.  •• 


so 

8*5 


cidence. 


iS5P  S' 

$f  fiS, 

so,  34 

f»  15 

^.  4d 

19  35 

15  48 

10  « 


i  ' ; .  ■  -, 

-   J  ■ —        - 


10    49 
is'  24 


90^\fti^  31' 

20iSl  14 

40 

40 

90  lie  43 

20. 14  sn 

40    12  55 

40    10  27 

•50     t  II 


0" 
4.0 
30 

15 

10 
50 
10 


>■■    ■     I  I  l.U  i.^i' 


Values  of  $. 

Vslnesofe/ 

ValiMSof 

00  0^     (f 

1  )6    20 
a    41     30 
4      7b 
'5    47    SO 

7    33    45 

9    35    50 

12      3     10 

15     19    50 

■   '    .  .. 

J5«>    2*     0« 
43    45    40 
42    20    30 
40    55      0 
39     14    30 
87    28     15 
35    26    10 
32    58    50 
29    42     10 

3'03S952 
0033622 
3'0330S5 
3*033327 
0O39I46 
0*033058 
1033026 
0-033010 

9*033147 

above  mean. 

-rOH)00195 
+  0*0004*^5 
~0*000liil 
+OH)0OI89 
4^0*000001 
.0-000089 
-0*000121 
-O-O00I3T 


111' 


,  »:)The'la8ticbliimn  of  this  tabl^^ekbibtts  -the  deviations  in  excess 
or  defect  of  the  values  of  the  quantity  A,  so  computed  from  tlift 
mean  of  all  of  themi  =  Their  smftlkiesd>  in  comparison  with  the 
QUfintity  it§el^  ,<^d  their  altemajtiops  ofsigu,  are  evident  prQofr 


p.  I  .'-ri 
.[■■• 


<n.«  ■..■.:  i 


<•■'■'*  :■ 


.  v- 1 


*  Beciierches  sur  les  MouTemciis  des  Mokculefde  la  Lumieie,  &c.  p.  482.  He  taloflS 
^  equal  to  that  of -glOTar;  t*  Aej^iiUia'^Ml-pM^tiie  fa^  ^faiig^^a^  }tkwidtLy  I  hav» 
atliempted,  without  tucoess,  to  measure  its  value.-  -What  has  satiiified  M.  Biot  and  Dr. 
Brewster  (fiu  t}ie  latter  has  evideu^y  used  this  index,  ox  ont  very  bear  iL  PhiL  Trans. 
^^^^>a0jiiiaiiS^Mttfr^  y^  i<4  ftgi^ace  iAat  ii^  tj^e-pKMi4UiiuUeJi 

s  8^^  variatiao  in  the  zcftactive  index  wiU  produce  but  a  very  tnfling  change  ia.tlk» 
r«b/tv«Tilttesdf^  "^-^l^ 
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of  the  constancy  of  this  cosffiaieut,  and  we  are,  therefore,  autbflr 

rized  to  take  sin.  fl  x  aio.  fl' as  the  general  value  of  ■4- (fl,  5')-  1^ 
observations  on  Rochelle  salt,  presently  to  be  noticed,  con&iM  ■ 
this  law.*  If  we  denote  by  /the  mipimum  length  of  a  doubls 
oscillation,  or  the  space  passed  over  during  one  complete  period 
fay  a  ray  transmitted  at  right  angles  to  both,  axes,  we  have  k  « 

-_  ;  and  consequently  k  =  -,  2  =  kt.  If  we  substitute  foi/tasi 
t-their  values  above  found,  we  obtain  ' 

/  =  0-00076497  inch  ' 

for  the  niinimum  length  of  a  period  performed  by  a  mean  redj^ 
in  mica. 

Kesuming  our  general  equations  (6)  and  ((f)  if  we  substibol^ 
IJie  value  now  determined  for  ^^,  and  write  -p  for  -,  we  hav» 

/' .  cos,  ip' .  sin.  fl  .  sin.  i'  =  I .  cos.  <p  .  sin.  (3  —  3" «  +  &f).„l 

Bin.  (S'+  £a  +  e-f);  ^ 

whence  it  is  easy  to  derive  (independent  of  any  approximatiosl 

cos.  2  (a  +  ia)  =  cos.2^>+2'j    ^' .  sin.  fl.sin.fl-;        (J^ 

while  our  approximate  equation  (</)  fiirnisbes  the  following  vHf 

convenient  formula  for  incidences  nearly  perpendicular  •> 


The  simplest  supposition  we  can  frame  relative  to  the  ^i^liiji 
of  the  constant  elements  /,  P  is  their  proportionality  to  those'Bf 
c,  d,  or  the  lengths  of  the  tits  of  easy  reflection  and  traosmiaaioa. 
This  cannot  certainly  be  far  from  the  truth  in  crystals  with  one 
^sas,  in  which  the  coincidence  of  the  tints,  with  those  of  I9!aif^ 
ton's  scale,  ia  for  the  most  part  exact.  In  sulphate  of  limeln^. 
and  mica,  the  only  crystals  with  two  a^s  which  have  been  e:ff^ 
mined  with  sufficient  exactness,  and  under  the  proper  cireum^^ 

•  Whtne  j-fl',»»inn7Btala  with  one  B«k' wo  have +  (S,S'>  =Mn.(»,  ate>ull]a_ 
«ince  confirmed  by  the  accurate  exparirnents  of  Brtwsler  and  Biol.  The  velocity  ofAK' 
eittaordinary  ray  ib  audi  ciystals  ia  given  by  tlie  formula  v'  —  V^  +  a  .  sia.  C.  IVn 
lowing  ihls  analogy,  we  may  candude  iliaL  in  crystals  with  tvn  axe>  we  should  ban)  j^ 
=  V  +  o.ain.  (  .  Bin.  9',  Now  this  is  precisely  the  expression  at  wliich  M.  Biotblil 
recently  airived.  This  very  «tiiple  and  elegant  result  wis  conununicated  to  me  by  dat 
tttiinMit  phijMuphar  in  [be  spring  of  this  year,  and  subsequently  in  s  letUi  qf .  iUb]  "* 
Bu  memoir  cm  the  subject  which  appeani  (by  the  Ann.  do  Chim.)  lu  have  been  — 
the  Institute  in  April,  I  have  not  acen,  not  do  I  know  by  what  precise  steps  he  ' 
III   it,  hut  presume  it  muxt  have  been  by  fiome   censidci  Htiolm  of  the  nMue 


tbre,  10  disclaim  eUI  intention  of  arrogating  lo  niyself  any  share  in  this  beautiful  diKovahJ 
but  have  thought  it  necessary  to  state  the  steps  in  the  text,  in  order  to  deiDoontraRLf 
Ruth  essential  tn  the  investigaUans  thac  fbllow,  which  could  not  have  been  i^enifllip 


granie^  oc  deduced  by  any  Intimate  reatsooitig,  independent  of  ciperimeal, „_, 

equation  i'  =  V*  4  a  .  sin.   S  ,  sin.  f,  by  reason  of  our  ignorance  of  the  nature  >fi 


I  of  the  polarising  forces;  and  have  purposely  absUineil  ftwn.  entoring  ■ 
tollKgrogrd  Uwsir  double  teftaclim]  arid  polaruation  tkM  (soBld        *~ 
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«JB|UiDtes:ftr  flncinrtflSlAng  ihiB  iinportant  pdifit,  thflittw  tif  (itq)o»> 
IJMftlky  seeiBs  to  be  Bustaioed  with  great  preciaioo.  This  majr 
Mttn  io»  aujAoriae  the  genend  coBdnsion,  that  in  til  cmae»^ 

^'^  j"    I^t  tur  see  how  this  agrees  with  the  measures  given  iu^ 

die  former  part  of  this  paper. 

;  tn  sulphate  of  baryta,  if  we  take  Dr.  Brewster's  measure  of 
the  diispeEsiyepower,*  we  have  $  R  sa:  0*019,  and  consequently^ 
oslcttlating  on  the  data  determined  in  p.  161,  we  must  hare,  at 
die  virtual  pole, 

ft,=  21^  &  30^        9'  =  20°  BQf  3&'        8(p  =  -  1« 

Ifow,  if  we  suppose  7  =  6-3463  /'  =*  3'9982,  the  valUea  of  i? 
aodc'  resipectively  for.  the  extreme  red  and  violet. ray;8»t?ne..aliflA 
find  by .  substitution  in  our  formula  (A) 

S  a  =  51'  10" 

But  a  red  ra^  penetrating  the  surface  from  within  tiie  ctysta)  at 
Ml  aBgfe-«  ■»  1^  12'  3<F,  and  a  violet  one  at-an  angle  «  +=^ 
^  19?  3^  40'',  would  emerge  at  .the  respective  angles  30°  59'  and 
32°  68'  20",  and  would,  include  between  them  an  angle  of 
?*69'  20*,  which  should  be  the  apparent  separation  of  the  red 
.and  violet  axes  in  the  plate  employed.  Now,  previous  to.  the 
computation  of  this  result,  I  had  cavefully  measured  this  angle^ 
by  ODserving  the  incidences  at  which  the  extreme  red  and  vidiet 
'hiiys  of  the  prismatic  spectrum,  received  on  the  reflector  of  a 

£duated  apparatus,  respectively  disappeared  from  the  extraor- 
aiy  image  at  the  poles  P,  P'.    t  thus  found 

ItttorraLof  the  poles  P,  F  for  red  rays  . .  •  • . .  62^  2' 
i  Ditto  for  yiolet 66    5 

9enflBi-difierence>  or  apparent  sepamtion  of  the  axes,  2^  V  3(y% 
n^ich  differs  from  its  computed  value  only  by  2'  10".  We  may, 
tiberefore,  fitirly  conclude,  that  in  the  case  of  sulphate  of  baryta^ 

the  hypothesis  7  ==  p  does  not  deviate  sensibly  from  the  trutii,. . 

•  If  we  apply  our  fonnula  (t)  to  the  measures  above  given  for 
Rockelle  salt,  the  result  will  be  widely  different.  The  same 
Sttpposition  as  to  the  values  of  7,  l^  being  made,  we  get 

5a  =4^2' 50"' 

Xhe  incidence  being  nearly  perpendicular,  and  the  an^  small^ 
Vj^  pe0d  gnly  increase  it  in  tne  proportioa  1*498  :  1,  to  have  the 
apparent ,  angle,  which  thuS'  comes  out  6^  4".  We  have  already 
bjmd9^4iQ^%j:  the  same  angle,,  by  a  method  which  must  neoes^ 
sarily  give  a  result  much  below  the  tpudi.  This  difier<eOjCe  is  by 
iar  too  great  to  arise  from  any  errors  oif  observation;  but, to 
obtaih  more  exact  liieasmres,  I  took  several  times  the  apparent 
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angular  separation  of  the  axis  of  each  colour  from  that  of' iS 

extreme  red  by  the  direct  homogeneous  light  of  a  sub^t^_ 
separated  by  the  prism,  and  received  on  the  reflector  of  a  divided  ■ 
apparatus,  when,  after  the  proper  reductions  foe  refractiorij^dlp- 
dispersion,  the  results  v " 


i  fijllow : 


Colmir. 

AppaicntKcpa- 

Values' of  8  a. 

No.  <1 

I     a' 

75^  W 
73    38 
72    14 
70     S3 

a     37 
4       0 

1     44 

a   ^0 

M"!-^- 

BO 

8     a 

10  ai 

11  17 

13    i'i 

5    SI 

S    54 

1       7     31 

,      9     n 

10    u 

65       0 
61      54 
60     40 
57       8 
55     H 

Though  the  total  separation  of  the  red  and  violet  aires  in  thii  I 
table  so  far  exceeds  what  we  had  before  estimated  it  at,  I  am  1 
fully  satisfied  that  it  is  no  way  exaggerated,  but  rather  falls  short 
of  the  truth.  It  is  very  practicable,  by  combinatioDs  of  coloured 
passes,  liquids,  &c.  to  insulate  either  extremity  of  the  spectrum 
ia  a  state  of  the  most  absolute  purity.  lu  this  climate,  the  dis- 
persed light  of  the  sky  in  the  neighbourhood  of  tlie  sun,  nJiioh 
always  mixes  with  the  prismatic  beam,  is  so  considerable  as  (d 
obUterate  the  fet- ble  rays  which  compose  the  two  extremities  ot 
the  spectrum,  and  it  is  only  by  interposing  such  conibiaBtioDiP 
between  the  eye  and  the  Iceland  crystal  used  to  analyze  tltit 
polarised  ray,  that  thiy  can  be  examined  with  any  certain^ 
The  combination  I  employed  for  the  extreme  red  was  such  thirif 
when  the  whole  spectrum  thrown  on  a  white  screen  was  ftew«V 
through  it,  it  was  seen  reduced  to  a  perfectly  circular,  weH 
defined,  deep  red  image,  whose  centre  ftll  on  the  very  furthest 
termination  of  the  red  as  seen  by  the  naked  eye,  and  whose  cir- 
cumference attained,  or  perhaps  surpassed  the  point  where  the 
maximum  of  the  calorific  rays  has  been  supposed  to  be  situated. 
In  like  manner,  when  the  same  spectrum  was  examined  with  tha 
violet  combination,  a  very  slightly  elongated  violet  image  became 
perceptible,  but  every  trace  of  the  indigo,  and  die  brighter  por- 
tion of  the  violet  rays,  was  extinguished.  For  observations  on 
the  indigo,  and  all  the  more  refrangible  portion,  I  employed 
Bimilar  artifices,  without  which  I  found  it  perfectly  impracticable 
to  obtain  any  regular  and  comparable  results. 

The  coefficient  — —  in  our  formula  being  the  only  part  a<A, 
immediately  deduced  from  objservation,  it  is  evident  that  the'  I 
^WSnmptioQ  j-  —  ~  raust   be   widely  erroneous  in  the 
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iStame^y  and  it^ .  theiiei£diie,  >  becomW  fie^^esmry 

t9fi/.te,l^*?^^WJiUre^.    TJhis  ia  rendered  e^y  by  the 
>%(«)' wWh  give*  r  , : 

sb-v:.  MO  r. :!■.•.    -^    •'■  l^t.*        >  ■■■. '    ,^ 

'We  liSLve  only,  tKerefore,  to  obfier/e  the  iadin^tioBs  ^of  %  platt 
f  known  thickness,  properly  cut  and  adjusted  to  45^  aidmuth, 
diich  coneepond  to-  the  alternate  disappearances  of  ih€  ordi- 
•jy  and  extraordiuitay  imager,  at  which  points  the  values  of  n 
r^^j  4^4-9  4V^* ;  computing  then  thi^  values  0(6,  y,  and  f,  and 
ofiiBtitutingy  we  get  the  values  of  I,  without  detailing  particular 
x^rimeBts.  The  following  taUe  expresses  the  final  result  of  ia 
r^t  |iuo[iber  of  such  .measures  :,     . 


.■ 

* 

ColCNUk 

Valuea  of  /  in  inchei. 

Nmnber    of 
obsenra- 
tiona. 

.  1 

> 

£xtr)sinered  .^.,. 

-  'Meaft xedr... . . . .. . . . ; 

Mean  o>rang^ 

0-0066158 
0-0050032 
0-0045852 
CHXMOMS 
0-0036549 
0-0032863 
00029868 
0*0026093 

64 
14 
24 
M 
69 
.22 
52 
49 

JHeMi  ydlDir . ;; 

Meangijeen  •«-•.•.«  |k  4 
Jlean  bliie. . .......... 

M^ekh  kidiffb  . . ; . . . . . . . 

. . 

-     * 

Bxtrame  Holet' ; .  i .  • .  .^ 

- 

iJiJ'  i 


-eiChe:  observations  from  whi(3h  tiiis  table  vras  calculated  wei^ 
riad^'indiseriminately  oiK  the  maxima  and  minima  of '931  orders. 
Ghoae  of  different  orders  were  of  course  computed  separately^ 
lod  found  to  agree  without  exception  in  giving  the  same  values 
)j^;/ within  Umita  of  error  less  than  those  to  vmich  the  observa- 
iobs^are  liable;  thus  affording  another  proof  of  the  exactness 
)£^e  law  of  periodicity  above  employed.  Now,  if  we  compare 
Iffie  one  with  another,  and  with  dipse  of  c  as  deduced  by  M« 
B^  from  Newton's  observationjs,  we  shall  have  as  follows ; 


K    ■ 
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mfmm^ 


Coloiit. 


juxtrcmo  ifxt'  •.••.■..■■ 

moBan  .tgou  ■  •'•  .^•••a  •'%•*' 

■JMoffn  <v*ny -» » » ■  *•*•• 
Mail  yellow . . .  •  • .  •  • . . 

Jtftan'lmie. .  •  I,  ia  w -«•  .^ 

Maad indigo  •  k 4 P> o'"^ 
* ,    -      -  Sxtxeme  violet  ......  •• 


"'■     '.'' 


. '  1 . 


•  •  f 


r 

</ 

Values  of  J- 

Vtluesof- 

i-00000 

"  1-00000 

0-89063 

^0«96215 

;Q-8I0&9. 

0  90490 

0-72266 

0-85550 

0*65082 

0-79433 

O'SSSSO" 

0/lfS725 

0-5SI56 

0-6964^ 

:0-44684. 

t  .q-680QD 

m    ''     '  '  •  ■ 


.•  .^'■■.t^' 


lt  appears  from  this  cpmparative  statement,  that  the  forces, of 
j^orioa^oli'^d 'double  redaction  in  iShe  bodv  now  exanoned, 
a/^  iW|^(madBM>gr^^riprQpQrls^^  oft  tke  more  mfirangi^ 

ble  rays,  than  if^  W^h  ^^^^t^  P^  )^»  ^  ^^^  ^^"^^^^.^Q^i^i^ 


F 
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iMM-fiotWequ^^y  that,  ^■ven  were  its  asea  coincident,  its  tibtl^ 
tfaough  perfectly  regular,  would  ■atill  differ  very  sensibly  from  tltc 
colours  of  thin  plates.  This  secondary  cause  of  deviation  ought 
to  become  sensible  in. plates  cut  ao  as. to  coutaiD  both  axes,  if 
examined  at  a  perpendicular  incidence;  but  I  have  not  yetliatl 
Wc^)portumty  of  nixing  the  trial. 

If  we  calculate  on  the  numbers  above  given,  it  wiTlsoDQanfOBr 
that  a  perfect  coincidence  of  all  the  colours  in  a  single  virtual  pole 
is  impossible.  For  this  purpose  we  may  employ  our  equatioa  (i) 
which  easily  affords  the  following 

2  (tf  +  fl)  =  cos.  2  fl   U    +  ~j;  .  tdb.  2n.8in.  (— S(i)j 


ing  M  an  auxiliary  angle  such  that 

tan.M  =  ■^2.tan.2B.j^.sin.  (-Ja) 


whence  the  value  of  i  or  the  position  of  the  coincidence  of  any 
two  coloured  rays  becomes  know  n,  the  values  of  /,  /',  and  —  J  fl 
being  given  from  the  foregoing  tables.  If  we  unite  the  meai 
red  with  the  mean  green,  these  formnil»give  (=  —  11"  29',  and 
if  with  the  mean  blue,  6  =  —  14^  8',  of  which  the  one  falb 
ehort  of,  and  the  other  exceeds  the  angle  —  13"  1' given  fay 
observation,  Tf  we  determine  by  interpolation  the  values  off 
and  -^  Bff,  which  giv«  S  =  —  13°  1%  we  shall  find  very  nearly 
I'  =  34581  -  5  «  =  S-'S?'  _  g  rt  +  1°  0/  _  ^•3J' 

which  correspond  to  a  blue  ray  stroiigly  inclining  to  green,  and 
'in  the  brightest  part  of  the  colour.  Now  it  is  evident  that  when 
a,  rigorous  union  of  all  the  rays  in  the  proportion  in  which  th^ 
exist  in  white  light,  is  impossible,  that  of  the  strongest  and 
brightest  colours  in  opposition  to  each  other  will  at  least  ensure 
the  nearest  approach  to  a  virtual  pole  on  the  principles  above 
demonstrated,  and  a  white  will  thus  be  produced,  not  indeed 
mathematically  perfect,  but.  containing  no  marked  excess  of  any 
of  the  more  powerful  colours. 

The  apophyllite  is  the  only  crystal  with  one  axis  whose  tiota 
exhibit  a  sensible  deviation  from  the  scale  of  Newtoo.  Its  phe- 
nomena, however,  are  entirely  independent  of  the  first  and  prin- 
cipal cause  which  produces  the  deviation  in  crystals  with  two 
axes,  viz.  the  separation  of  the  axes  of  difierently  coloured  i-ays, 
and  are  referable  solely  to  the  secondary  and  sutordinate  cause. 
of  which  Rochelle  salt  has  just  afforded  an  example,  viz.  a  pecu- 
liarity in  the  law  which  regulates  the  lengths  of  the  minimun 
oscillations  of  the  differently  coloured  rays  within  the  medium. 
1.  I^e  tints  of  the  apophyllite  commence  at  the  centre  of  th( 
rings,  and  increase  in  regular  progression  outwards,  following  th< 
same  order,  whatever  be  the  thickness  of  the  plate. 

.iC'faUowi-&MiaJUi,.  timt.tkiemabMim  M  laoar-MwtMl-lir' 
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aMda  (a)  is  the  same  for  all  the  coloured  rays,  being  zero  at  the 

ebtnmencenuint'of  the  scale ;  and  henbe  it  follows,  as  a  necessary 

iMmsequc^nce,  that  the  axes  of  all  the  colours  are  united  in  one, 

and  die  Tirtual  and  actual  poles  coincide  with  each  other  aad 

with  the  centre.    Did  any  sensible  separation  of  the  axes  «»it, 

ttmust  become  perceptible  by  the  elhpticity  of  the  ritigs  ti4i£n 

ezamixied  with  hotnog^neous  light  of  that  colour  from  which 

Aey  are  furthest  asunder ;  but  with  the  greatest  attention,  in 

^IsMs  of  considerable  thickness,  I  have  not  been  able  to  observe 

the  slightest  shifting  of  the  axis>  or  deviation  firom  the  cireidar 

figure,  in  passing  from  a  red  to  a  violet  illumination.   Moreover^ 

itm  evident  from  the  preceding  theoiy,  that  any  difference  whicii 

may  exist  in  their  position,  if  too  small  to  be  sensible  to  the  eye, 

can  produce  only  an  imperceptible  deviation  of  tints.    In  factt^ 

if  we  suppose  a  =  o  for  any  colour,  we  get, -for  the  position  of 

the  yirtusu  pole, 

sin.  0  sx  A./  ^-^  •  sin.  ia 


(being  the  angular  distance  of  the  point  of  coincidence  from  the 
tingle  axis  of  that  colour.  It  is^  consequently,  insensiUe  when 
t  a  is  so.  Now,  the  polarising  force  of  the  apophyllite  being 
leiy  feeble,  the  diameters  of  the  rings  in  any  plate  of  moderate 
tUokness  must  so  far  exceed  this  very  minute  quantity  that  th^ 
virtual  poles,  did  any  exist,  must  fall  within  the  limit  of  the  cen- 
tral blackness;  the  Newtonian  scale  would  still  appear  to  com*- 
iMnice  from  the  centre,  nor  could  any  sensible  deviation  from  it 
arise  from  this  cause. 

2.  When  the  prismatric  spectrum  is  passed  over  an  apparatiis 
containing  a  plate  of  this  mmeral,  no  perceptible  ciiange  in  the 
mugkihtdes  of  the  rings  for  different  colours  takes  place.  Hence 
it  appears  that  the  value  of  the  function  /  for  all  the  coloured 
HpfS  IB  nearly  alike.  By  measures  taken  on  a  divided  apparatus, 
a  slight  ditference  is  observed.  Taking  the  mean  refractive 
index  R  at  1'6431  (by  a  very  careful  measure)  and  the  dispersion 
I R  at  0*017,  the  formula 

7         ,       Bin.  e*  '        •      >     x        A 

I  s=  t . =  -  .  sm.  B  .  tan.  6 

n  .  COS.  (fi        n 

gave  as  follows : 


JfistremaTcd.. . 
Mean  red.  . . . . 
Mean  orange . . 
MeanyeSow  .. 
iBifean  green.  .. 
Mean  blue . . .  • 
Mean  indiflo  . . 
Extreme  nolet 


OK)OBSO0e 
00092810 
000928^7 
0*009IMS 
0^1)090648 
00098059 
00093964 
0-0100660? 


This  table,  though  not  »ten  .as  exact,  owing  to  imperfections 
in  the  specimen  examined,,  agrees  with  the -succession  of  tints, 
wbidi,  as  fiur  as  the  fourth  ordes,  'were  as  foUows : 


i 


Mr.  Herichd  on  the  Actim  of  [Misciil 

Apophyliitt.     Thicknest  =  0*0829  tiieh. 


Ordinsry  pendL 


£itnuicdinu)'. 


ExcMdiiig  sombm  violet  . 

I'sle  greenish  yellovf    , . . 

White 

White ■. 

A^liite,  with  a  BtroDg  tinge 


Purplish  while 
Somhre  vidlet  blue 
Uxcemeiy  sombre  vi< 


33     50 
ST     SO 


*B  46 

49  ST 

50  30 
53  40 


Blue,  itrco^y  indining 
I    purple 

'Sombre  indigo,  iadinmg  to 


-iulel.. 


Tolerably  yellow  gioen 
VeUowish  while 
While 


Tolemblygood  yellow  green 
iWhiteiWith  H  tiice  of  ycUow 
IVlTiite 

Pale  purple 

Sombre  purple  blue 

'Sombre  violet 

'Green  yellow jPale  purpli 

IVcllawiih  white , Sombre  indifpi  blue  . 

VeUowbh  white 'Sombre  violet 

!  White I  Livid  grey 

jPale  purple IVellow  giem 

jSomhre  indigo. Pale  yeUowiiih  white. 

Sombre  violet Vetlowish  white 

Faint  violet  white I  White 

I  Livid  grey Iwhite 

jTolerably  green  yellow  , .  JPurple 

(Yellow  white I  Very  sombre  indigo. 


Wbite 

White 

Purplish  white 

Obscure  indigo,  inclining;  to  purple 


In  the  colours  of  thin  plates  and  others  of  the  tike  compoaitie^ 
the  difference  in  the  lengths  ot"  the  periods  of  the  different  r»y? 
is  so  considerable,  that  afterseven  or  eight  alternations  of  colour, 
the  rings  confound  one  another,  and  are  blended  into  a  uniform 
whiteness.  Were  the  periods  more  nearly  equal,  a  greater  num- 
ber of  rings  should  be  visible,  and  were  they  strictly  so,  the 
succession  of  alternate  whiteness  and  blackness  should  be  conti- 
niied  to  infinity.  As  the  values  of  /,  /',  &t.  in  the  apophyliite 
approximate  pretty  closely  to  this  limit,  we  should  expect  to  see 
a  much  greater  number  of  rings,  and  this  I  tind  to  be  really  the 
case.  By  inclosing  a  thick  plate  in  balsam  of  copaiba  in  a  pro- 
per apparatus  to  increase  the  range  of  incidence,  T  have  counted 
as  far  as  the  36th  order,  when  I  desisted  ;  not  from  any  want  of 
alternate  colours,  but  owing  to  their  extreme  closeness,  which 
rendered  it  impossible  to  number  them  distinctly.  Indeed  I 
have  no  doubt  that  could  a  very  thick  and  hmpid  specimen  be 
procured,  hundreds  might  be  seen  without  artificial  aid. 
^  In  two  iQstaa«eB_1Jieiif  at  least,  aad  probably  in  manymWe. 


lamanrmgCp 


ISgl.jt,"    Cfystattizidi&odkson  HimogeneouB  Light.  177 

or  perhaps  to  a  certain  small  degree  in  all  cases,  the  minimum 
lengths  of  Ihe  periods  deviate  in  their  jnespectiye  [)roportion8 
from  those  of  the  fits  of  easy  transmission  and  reflection ;  a  cir- 
cunstance  which  of  itself  is  sufficient  to  prove  the  independence 
of  the  causes  of  these  laws  of  periodicity.  If  we  take  R  r  = 
R  A,  fig.  A,  and  construct  a  curve  whose  abscissas  A  P  are  the 
values' of  c>  (f,  8cc.  and  ordinates  those  of /,  I*,  8cc.  the  straight 
hier  0 y  g  b  i  V  inclined  at  4d^  to  A  R  will  represent  the  locus 
fon  crystab,  such  as  carbonate  of  lime,  in  whicn  the  periods  fol- 
low the  Newtonian  law,  i^  o'  jf  ^  V  V  v'  will  represent  the  same 
locus  for  tartrate  of  soda  and  potash,  while  \  r"  o"  y"  g"  6"  V  xP  is 
^.curve.  similarly  traced  for  apophyllite. 

Having  communicated  to  Dr.  Brewster  my  observations  on 
the  deviation  of  tints,  and  the  conclusion  I  had  thence  deduced 
as  to  the  separation  of  the  axes  of  the  differently  coloured  rays, 
I  received  in  answer  a  letter,  from  which,  injustice  to  that  inue-- 
fatigable  observer,  I  subjoin  the  following  extracts  : 

« 

««  MV  DEAR  SIR,  Etk  Bill,  By  RotUn  LaiwoAe^Scpt,  18, 1819. 

"  In  consequence  of  having  been  some  time  from  home,  I 
hafe  only  now  received  your  letter,  and  hasten  to  reply  to  that 
part  of  it  in  which  you  request  me  to  state  what  results  I  had 
obtaAued  respecting  the  deviation  of  the  tints  from  Newton's 
scale.  The  following  general  points  will  enable  you  to  judge  of 
the  progress  which  I  had  made  in  the  inquiry. 

**  1 .  \n  almost  all  crystals  with  two  axes  there  is  a  deviation 
from  the  tints  of  Newton's  scale. 

"  2.  This  deviation  is  greater  in  some  crystals  than  in  others, 
being  a  maximum  in  acetate  of  lead  and  tartrate  of  potash  and 
soda. 

''  3.  That  all  these  crystals  may  be  divided  into  two  classes, 
viz.  those  which  have  the  rtd  ends  of  the  rings  inwards  and  the 
Uue  ends  outwards,  and  those  which  have  the  red  ends  outwards 
aodthe  blue  ends  inwards. 

"4,  That  in  all  crystals  with  two  axes,  the  doubly  refracting 
force  of  oiit  cucis  in  general  acts  difierently  upon  the  differently 
coloured  rays  from  the  doubly  refracting  force  of  the  second  axis 

"  5.  That  as  the  polarising  force  is  always  proportional  to  the 
force  of  double  retraction,  the  polarising  force  of  one  axis  will 
act  differently  on  the  differently  coloured  rays  from  the  polaris- 
ing force  of  the  other  axis. 

"6.        *****         *         *         *  * 

"  7.  The  consequence  of  this  is,  that  there  will  be  different 
resultant  axes,  or  different  points  of  compensation  for  the  differ* 
ently  coloured  rays. 

**  8.  All  these  effects  may  be  calculated  with  the  utmost  accu- 
racy, if  the  ratio  of  the  dispersive  powers  of  the  two  extraordinary 
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i^elractive  forces  is  given,  or  vice  vtrsa,  the  dispersive  powers  la 
be  obtaiiied  from  the  angles  of  the  resultant  axes  for  the  red  a 
Tiolet  rays  of  the  spectrum. 

"  9,  I  have  found  crystals  in  which  these  phenomena  are  d< 
dedt^  connected  with  the  rotatcwy  phenomena;  and  from  ti 
highly  important  fact  I  am  led  to  conclude  that  both  have  ( 
aame  origin,  and  that  all  the  rotatory  phenomena  are,  as  E  hn 
stated  in  my  paper,  the  result  of  the  uncompensated  tints  of  ti| 
axes,  equdi  J'or  the  mean  rcti/,  but  unequal  for  all  the  IW 
(flere  folhws  an  illustration  fry  a  diaphragm.) 

"  10.  The  division  into  two  classes  m  sect.  iii.  as  founji 
merely  on  observation,  is  converted  into  another  division  in 
two  classes;  viz.  1.  That  in  which  the  doubly  refracting  force 
the  principal  axis  acts  more  powerfully  on  the  blue  rays  than  i 
other  axis  does  ;  and  2.  That  in  which  it  acts  less  powerfiilj 
The  first  class  comprehends  those  crystals  in  which  the  blue  en 
are  inwards,  and  the  second,  those  in  which  the  red  ends'^ 
inwards,  or  nearer  the  principal  axis." 

In  a  subsequent  letter  (Oct.  4),  he  adds, 

"  The  virtual  poles,  which  you  mention,  I  discovered  in  d 
year  1815,  and  I  nave  two  accounts  of  them  in  my  Journal,  ^ 
one  signed  on  the  24th  January,  1816,  and  the  other  6th  Jw 
anr,  1817,  by  Sir  G.  Mackenzie,  President  of  the  Physical  Cl» 
of  the  Royal  Society." 

Tfo  comments  on  the  above  extracts  are  necessary.  Th| 
establish  at  once  the  priority  of  Dr.  Brewster's  observations,  a] 
the  independence  of  mine.  With  regard  to  the  division  of  crj 
tals  into  two  classes,  which  observation  has  alike  suggestedr 
both  of  us,  it  is  mmecessan',  if  we  regard  either  of  the  f 
classes  as  having  the  angle  between  the  resultant  axes  gre«| 
than  a  right  angle.  In  Dr.  Brewster's  table,  Phil.  Trans,  181 
p.  230,  succinic  acid  and  sulphate  of  iron  are  stated  aa  ham 
this  angle  90".  If  ihis  determination  corresponds,  as  in  all  p 
bability  it  does,  to  the  yellow  rays,  tliey  belong  at  once  to  d( 
classes,  and  are,  in  fact,  instances  of  the  hmit  where  one  cb 
passes  into  the  other.  Bicarbonate  of  ammonia,  in  which  1  < 
perceive  no  separation  of  the  axes  of  different  colours, 
course,  any  virtual  poles,  belongs  in  like  manner  to  both  < 
<H  to  neither.  John  F.  W,  Hkbsch£1.. 


Description  of  an  Instrument  tmploi/ed  in  the  foregoiii 

ments  on  the  poiarhed  Rings. 

The  singular  property  possessed  by  the  tourmahne,  by  whifl 

a  plate  of  it  of  any  moderate  thickness  cut  in  a  direction  paraBi 

to  its  axis  of  double  refraction,  is  enabled  to  absorb  the  wbDle,.a| 
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iMfly  tiie  wbole,  of*  an  incident  pencil  poinded  in  a  nlane 
pKfanel  to  that  axis,*  was  pointed  6ut  by  M.  Biot,  iii  the  fourth 
ttltbDtici  df  hi0  Traits  de  Phy&iqne^  and  he  has  availed  himself  of 
ii  with  hig  accustomed  ingenuity^  dS    affording  an  extremelr 
rtady  and  convetiieiit  mode  of  viewing  the  phenomena  of  polan- 
sttfon,  much  mote  do  thsin  by  the  nde  of  plates  of  agate,  prisms^ 
of  Iceland  spar,  or  a  second  reflection.    It  follows,  from  the 
triSUrtei-mentioned  property,  that  if  a  beam  of  ordinary  light  be 
dtftde  to  traverse  such  a  plate,  the  whole  of  the  emergent  pencil^ 
<f  tteiuiy  80,  will  be  polarised  in  a  plane  at  right  angles  to  the! 
ittfa  ;  for  the  incident  rly  being  divided  by  the  doubly  refracting^ 
Stte  into  two  pettcils,  polarised  in  planes,  the  one  parallel,  the 
<lfiter  perpendicular  to  tne  aiid,  the  former  is  extinguished  in  its 
igkMg&,  while  the  latter  emerges  with  nearly  its  full  intensity. 

Hence,  if  two  such  plates  are  crossed  at  right  andes,  though 
iJBparately  very  transparent,  their  combination  will  be  opaque* 
Inere  Is  a  ^eat  difference,  however,  in  the  degree  in  whicn  tour* 
nldmes  of  different  colours  possess  this  power.  Those  of  a  light 
peetij  pink,  or  bluish  colour,  are  quite  improper,  allowing  a  con- 
iderabie  portion  of  light  to  pass  when'  so  crossed  ;  while,  on  the 

2  .afliet  hand,  those  whose  colour  verges  strons^ly  to  the  honey 

3  Jrfbw,  <*  to  the  bair  brown,  or  pu|isb  bron^f  effect  nearly  I 
I  oOttplete  absorption,  and  afford,  when  crOsded,  a  combination 
'    4faiioBt  impefdous  to  light.    In  ienorance  of  thid  distinction,  I 

m^ftced  several  fine  and  valuable  specimens  before  I  could 
I.  dfitift  proper  plates. 
1^  When  dcrystalfia^d  lamina,  cut  in  a  proper  direction,  is  inter- 
1 1  fbted  between  such  a  combination  of  plates,  it  disturbs  the 
1 1  j^QbtrisMtion  which  the  light  has  received  in  traversing  the  first 
J  {iite^  sLnd  renders  a  certain  portioti  of  it  capable  of  traversing 
ri,  <tl0  8e6otid:  the  colour  and  intensity  of  this  portion,  varying  witn 
;f  (lie  direction  of  the  ray,  give  rii^e  tb  the  phenomena  of  the  pola* 
1'  ifeed  ritigs,  which  may  accordingly  be  seen  by  applying  the  eye^ 
1'  ^  receiving  on  it  the  dispersed  light  of  the  clouds,  &c. 
2  fh  order,  noWet^r,  to  equalize  a^  well  as  disperse  the  lightj^ 
f  Hktch  is  of  great  importance  to  obt^tiing  a  perfect  view  of  the 
jfftAiomeifst,  an  emeried  glass^  may  he  cemented  on  the  anterior 
j^hte,  or  the  first  surface  of  the  plate  itself  roughened ;  but  it 
Will  be  fonnd  more  convenient  in  practice  to  employ  a  double 
(SOtivek  letKd  of  short  focus  for  thii^  purpose,  by  which,  if  neces- 
entry,  a  very  strong  illumination  may  be  obtained,  and  an 
extremely  minute  portion  of  a  crystal  subjected  to  examination. 

*  The  saiBtf  ptopmtf  is  dbtnVsUe  in  the  epidolef  the  axinite,  end  all  oAer  iMHanit 
and  artificial  oystals  which  exhibit  any  d^;ree  <»f  dichroism  when  examined  by  unpola^ 
rM  light.    Muziate  of  palladium  and  potaah  possesses  it  in  the  highest  peifectiDiu 
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i  iajpaffly  absorbea,  the  other  emerges  (polarised  in  its  "^nffjnt  "^^asaiS)  ^xak^i^^ 
original  intensity. 
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have  thus  occasionally  examined  tlie  ringd  in  a  portion  nof 
exceeding  the  hundredth  of  an  inch  in  diameter,  and  thus 
detected  irregularities  of  crystallization  of  a  very  singular  nature, 
in  many  bodies,  which  would  have  eluded  any  other  mode  {£. 
observation.  For  this  purpose  the  crjstal  must  be  cemeatf' 
over  a  smalt  aperture  in  a  thin  sheet  of  brass,  on  which  the  foci 
of  the  lens  must  be  exactly  adjusted  to  fall.* 

If,  instead  of  applying  the  eye  to  receive  the  light  so 
persed,  we  place  a  screen  at  some  distance  in  a  darkened  ro< 
the  apparatus  is  converted  into  a  solar  microscope,  and  the  rii 
will  be  seen  projected  on  the  screen.  The  construction  of 
apparatus  I  employed  is  as  follows :  A  B  is  a  brass  tube,  wit 
\«i!ch  are  fitted,  first,  a  fixed  diaphragm,  a  a  bh,  carrying 
first  plate  of  tourmahne  in  its  centre;  secondly,  a  diaph^p 
c  c  da,  moveable  freely  in  its  own  plane  by  means  of  the  ptti 
passing  through  a  alit  m  the  3  ide  of  the  cylinder,  A  B,  whit_ 
occupies  an  arc  of  about  120°  of  its  circumference.  This  is  ^ei- 
tinea  to  receive  the  crystallized  plate,  d  d,  while  a  cylind^ 
hh  e  ej'f,  made  to  slide  and  turn  smoothly  within  A  B  carriai 
the  second  tourmaline,_/y.  Jt  is  essential  that  the  tourmaliaai 
employed  for  this  purpose,  and  especially  the  posterior  one^ 
should  be  perfectly  free  from  all  flaws  and  blemishes ;  but  Ifflge 
plates  not  being  required,  this  condition  is  easily  satisfied.  Tne 
plates  so  arranged,  and  brought  as  near  together  as  possible,  the 
extremity  A  of  the  cylinder  A  E  is  fitted  to  slide  somewhat 
stiffly  on  the  brass  tube  P  Q,  furnished  with  a  lens  L,  of  about 
two  inches  focus,  and  a  screw  P  P,  by  which  it  can  be  adapted 
to  the  apparatus  usually  employed  for  reflecting  a  sunbeam  mto 
a  darkened  chamber.  The  sliding  motion  of  the  cylinder  A  B 
allows  the  focus  of  the  lens  to  be  adjusted  so  as  to  fall  exactly 
on  the  first  surface  of  the  posterior  tourmaline  f,  while  its  rota- 
tion suffers  the  axis  of  the  anterior  one  to  be  placed  perpendi- 
cular to  the  plane  of  reflection.  By  this  arrangement  two 
advantages  are  gained.  The  reflector  employed  (though  metaUic) 
always  polarises  a  more  or  less  considerable  portion  of  the 
reflected  beam,  which  in  any  other  position  is  partially  or  totally 
extinguished  by  the  first  tourmaline,  and  a  great  loss  of  hgfat 
ensues,  which  it  is  of  the  utmost  consequence  to  avoid  :  more- 
over, by  this  disposition,  the  action  of  the  reflector  is  brought  to 
conspire  with  that  of  the  tourmaline,  and  the  polarisation  of  the 
light  which  traverses  it  (which  is  never  rigorously  exact)  ia 
thereby  rendered  more  complete. 

It  is  convenient  to  have  sliding  tubes  containing  lenses  of  dif- 
ferent focal  lengths,  according  to  the  crystal  examined,  for  the 

"  I  have  now  an  apparatus  prEparing,  in  wbkh  the  first  plale  of  tourmaline  itself  ii 
formed  into  a  double  convex  lens,  by  wliich  the  loss  of  light  ^t  Ina  iuifacci  will  be  sup. 
pessed.  Itia  easy  to  adapt  such  alms  to  a  double  microKope,  fhr  the  purpose  of  detect, 
ma;  mitrnwopic  imgularilies;  and  I  ha.vc  remon  to  suppose  B  variety  of  curious  reiaJli 
Wl  bebrou||tit  toJght  b;  thne  meatu. 
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intensitj  of  iQuniination  any  point  in  the  screen  bein?,  cateri$ 
paribus,  as  the  Si^uare  of  the  focal  length ;  consequenfly,  when 
1ke  rings  lie  within  a  veiy  small  angular  compass,  a  greater  illu* 
mination  of  every  part  of  them  may  be  obtained  by  using  a  lens 
of  a  loneer  focus. 

The  mmensions  of  the  figure,  fig.  6,  are  nearly  of  the  actual 
lize. 


Article  II. 

Observations  on  a  Memoir  "  On  the  Theory  of  Franklin,  accord-^ 
ing  to  which  Electrical  Phenomena  are  explained  by  a  single 
FTuid/^  read  at  the  Royal  Institution  of' the  Sciences  at  Amster* 
dam,  by  M.  Martin  Van  Marum,  Knight  of  the  Order  of  the 
Belfdc  Lion,  Secretary  of  the  Dutch  Scientific  Society,  Director 
of  the  Teylerian  Museum,  S^c,  8^cJ*    (With  a  Plate.) 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

SIR,  Dee,  13,  1820. 

It  has  been  repeated  so  often  as  almost  to  require  an  apology 
fof  its  introduction,  that  the  Baconian  philosophy  proceeds  by 
'discovering  and  establishing  facts,  holding  that  upon  such  a 
foundation  alone,  can  be  raised  any  structure  deserving  the  name 
of  science.  The  philosophy  which  has  happily  been  almost 
exploded  by  Bacon  and  his  successors,  lays  its  foundation  ia 
faifpotheses ;  and  the  labours  of  its  adherents  are  spent  in  inge* 
mous  conjectures,  or  in  efforts  to  bend  the  various  facts  disco* 
vered,  to  give  those  conjectures  an  apparent  truth.  A  Baconian 
philosopher  gathers  his  maxims  and  principles  from  the  united 
mys  of  numerous  observations  and  experiments,  and  as  they  are 
received  in  all  the  simplicity  with  which  the  facts  themselves 
express  them,  they  yield  to  the  mind  all  that  satisfaction  and 
oonfidence  which  spring  from  the  clear  perception  of  truth.  Oa 
the  contrary,  an  hypothesis  is  incapable  of  teaching  any  truth  at 
all,  and  ought,  under  no  circumstances,  to  be  received  as  "  a 
confirmed  truth  ;  "  the  observation  being  certainly  well-founded^ 
"  that  an  hypothesis,  however  satisfactory  as  far  as  concerns  the 
explanation  of  all  the  phenomena  for  which  it  has  been  proposed^ 
cannot  nevertheless,  for  this  reason,  be  considered  as  mcon« 

testiblv  proved ."  t 

Unfortunately  the  worthlessness  of  hypotheses  is  not  their 
greatest  evil ;  they  invariably  tend  either  to  ipislead  the  mind 
m)m  those  conclusions  naturally  deducible  from  experiments,  or 

*  Aim.  PhU.  No.  06,  p.  440. 

i*  Ann  Phil.  No.  96,  p.  441 .  I  conceive  this  must  be  the  meanmg  of  the  sentence 
which  it  is  apprehended  (mough  wi^oui  an  examina  ion  of  the  original  paper),  must 
he  mistxanilated. 
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to  induce  an  extravagant  regard  to  some  circumstanceB  to  tb* 
neglect  of  others  equally  ot  more  important.  Thus  Franklii), 
-nbose  experiments  and  observations  will  ever  rank  him  amou 
the  first  philosophers,  has  impeded  the  progress  of  science  by  b^ 
'Ij^othesis  respecting  electricity,  which  now,  in  spite  of  ^ 
#imousexcrtionsof  hisald  and  most  respectable  disciples,  seem' 
inevitably  doomed  to  death.  M.  Van  Marum  however  is  of> 
different  opinion,  and  to  arrest  the  progress  of  the  dualists,  aj 
which  he  means  those  who  think  there  ai'e  two  electric  floidi, 
by  the  assistance  of  tli£  Royal  Institution  of  the  Sciences  at 
Amsterdam,  he  has  ihro.wn  down  tiie  gauntlet  to  all  the  world, 
in  a  paper  read  before  that  Institution  in  October,  1819,  andia 
Jlteir  name  he  hrs  called  for  an  answer  to  an  experiment  Tvliicb 
jie  originally  published  in  the  year  1785,  and  considers  still  uoan- 
awered  and  unanswerable. 

The  experiment  which  has  been  thus  put  forward  as  an  expe- 
•nDieatum  crucis  of  the  Franklinian  hypothesis,  is  given  so  little 
in  detail,  and  so  many  of  the  important  circumstances  are  omit- 
ted, that  it  is  difficult  to  deduce  from  it  a  perfect  e;^pIanatioii  of 
the  phenomena.  From  the  whole  of  the  statement,  however 
the  facts  upon  which  M.  Van  Marum  relies  may  perhaps  be  anl- 
^ciently  collected.  It  seems  then,  that  in  the  formation  vA 
collection  of  positive  electricity,  M.  Van  Marum  employed  m^ 
conductors  ;  one  in  more  immediate  connexion  with  the  machiMk 
which  he  has  called  the  first  conductor,  and  a  second  jntend^i 
to  contain  a  larger  quantity  of  electricity,  which  he  caiU  (!#; 
zeceiving  conductor,  and  this  latter  was  placed  at  a  little  dil|^ 
ance  from  the  first  conductor.  It  then  appears,  that  he  m^^ 
able  to  ascertain  by  the  form  of  the  spark,  that  the  electric  fiwi 
which  was  generated  by  the  machine,  and  communicated  to  A^ 
first  conductor,  passed  from  that  conductor  to  the  receivMC 
conductor. 

Perhaps  there  cannot  be  shown  in  philosophical  reaaooisg  t 
foore  Bagrant  instance  of  the  evil  of  an  hypothesis  and  its  miv- 
nicious  influence  over  the  mind,  than  that  M.  Van  Manmnti^ 
ias  friends  should  esteem  this  "  a  most  evident  prnof  in  fav^W 
of  the  theory  of  Franklin."  That  is,  because  one  electric  fljui^ 
«an  pass  from  one  conductor  to  another,  therefore  there  ie  IK> 
other  electric  fluid. 

This  experiment  could  satisfy  only  the  most  zealous  adhered 
ipf  the  Fraukliman  hypothesis ;  but  another,  which  is  twiw 
detailed,  is  considered  irresistible.  It  was  so  powerfully  openr- 
tive  upon  a  French  philosopher  as  to  have  silenced  him  fgr  tea 
years.* 

The  material  circumstances  of  this  experiment  can  hardly  bt 
gathered  from  either  statement  of  it,  but  by  comparing  the  iwo 
accounts  together,  the  more  important  facts  may  probably  be 

*  Ann.  Phil  No.  9(1,  p.  44T. 
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'durtifigaieSied.  From  the  comparison  of  the  two  fitatemeBt6y  it 
appears  that  if  "  a  button  of  copper  *  "  which  either  was  fixed  in 
■a conductor  charged  by  the  machine wkh  positive  electricity,  or 
h^  commonicating  with  the  earth,  acquired  a  charge  of  an  opno- 
mte  kind  to  that  of  the  electrified  conductor  '*  be  brought  within 
six  inches  of  the  large  globe  "  *  of  the  conductor  negatively  elec- 
trifiedy  the  ramified  electric  fluid  passes  from  the  positive  to  the 
negative  conductor.  This  last  experiment  in  M.  Van  Marum's 
hands  has  proved  victorious  over  every  person  with  whom  it  has 
come  in  contact ;  and  it  is  not,  therefore,  surprising  that  it  should 
have  convinced  even  the  venerable,  sober-minded,  and  intel- 
ligent FrankUn  of  the  truth  of  Aw  otcn  hypothesis. 

Happily,  however,  with  whatever  genius  an  hypothesis  may 
be  first  suggested,  or  however  ably  and  inflexioly  supported, 
truth  will  ultimately  become  rebellious.  Just  as  in  this  case^ 
where  the  similarity  of  the  eflects  of  positive  and  negative  elec- 
tricity is  so  obvious  in  innumerable  instances  that  rt  has  been 
impossible  to  repress  the  opinion  tfiat  if  the  phenomena  of  posi- 
tive electricity  arise  from  a  peculiar  fluid,  so  do  those  of  negative 
electricity.  While  a  philosopher  whose  mind  is  accustomed  to 
inductive  reasoning  will  not  be  able  to  avoid  some  surprise  that 
sach  a  man  as  Frami:Un;  on  seeing  M,  Van  Marum's  experiment, 
^should  say,  *'  this  proves  the  theory  of  a  simple  electric  fluid, 
and  it  is  now  high  time  to  reject  the  theory  of  two  sorts  of 
■fluids."  To  such  a  philosopher,  it  must  appear  singular  that  it 
should  not  have  suggested  itself  to  Franklin,  that  it  might  have 
been,  that  the  negative  electricity  had  arisen  firom  a  peculiar 
'fluid,  which  was  held  in  its  conductor  by  a  stronger  attraction 
Uian  that  by  which  the  positive  electricity  was  held  in  its  con- 
ductor; or  it  might  have  been  that  the  air  (which  probably 
t»ccasions  the  zigzag  ramified  appearance  of  the  positive  spark), 
opposed  less  resistance  to  the  positive  fluid  than  to  the  negative ; 
or  it  might  have  been  that  the  form  of  the  button  afforded  greater 
lacility  to  the  transmission  of  an  electric  fluid  than  that  of  a 
large  globe ;  and  either  of  these  circumstances  would  account 
for  the  passage  of  the  electric  fluid  from  the  positive  to  the  nega- 
tive conductor,  consistently  with  the  notion  of  a  negative  electric 
fluid.  But  if  every  one  of  these  circumstances  were  shown  not 
to  exist,  the  experiment  could  not  possibly  prove  that  there  was 
no  negative  or  resinous  electric  fluid.  Even  then  the  fact  that 
the  positive  electric  fluii  had  been  attracted  to  the  negative 
'conductor,  would  jno  more  have  proved  the  non-existence  of  a 
negative  or  resinous  electric  fluid,  than  the  fact  that  conoen" 
teted  sulphuric  acid  attracting  water  to  itself  proves  the  non- 
existence of  sulphuric  acid. 

But  M.  Van  Marum's  experiment  willr  be  better  explained, 
«nd  his  obfrerrations  answered,  by  another  experiment,  whieh 
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"  The  escape,"  says  Mr.  Is'icholson,  in  a  paper  detailing  some 
experiments  with  a  poweri'ul  machine,  "  ol'  negative  electricity 
from  a  ball,  is  attended  with  the  appearance  of  straight  sharp 
sparks  with  a  hoarse  or  chirping  noise.  When  the  ball  was  lees 
than  two  inches  in  diameter  it  was  usually  covered  with  short 
(lames  of  this  kind,  which  were  very  numerous. 

"  When  two  equal  balls  were  presented  to  each  other,  and 
one  of  them  was  rendered  strongly  positive,  while  the  other 
remained  in  connexion  with  the  earth,  the  positive  bruih  or 
ramified  spark  was  seen  to  pass  from  the  electrified  ball :  wben 
the  other  ball  was  electrified  negatively,  and  the  ball,  which- 
before  had  been  positive,  was  connected  with  tlie  ground,  the 
electricity  exhibited  the  negative  flume,  or  dense,  straight,  and 
more  luminous  spark,  from  the  negative  ball ;  and  when  the  one 
ball  was  electrified  plus  and  the  other  minus,  the  signs  of  both 
electricities  appeared.  If  the  interval  was  not  too  great,  the 
long  zigzag  spark  of  the  plus  ball  struck  to  the  straight  flame  of 
the  minus  ball,  usually  at  the  distance  of  about  one-third  of  the 
length  of  the  latter  from  its  point,  rendering  the  other  two-thirds 
veiy  bright.  Sometimes,  however,  the  positive  spark  struck  the 
ball  at  a  distance  from  the  negative  name.  These  effects  are 
represented  in  Plate  V.  figs.  ] ,  2,  and  3. 

Two  conductors  of  three- quarters  of  an  inch  diameter,  with 
spherical  ends  of  the  same  diameter,  were  laid  parallel  to  each 
other,  at  the  distance  of  about  two  inches,  in  such  a  manner  ai 
that  the  ends  pointed  in  opposite  directions,  and  were  six  oc 
eight  inches  asunder.     These,  which  may  be  distinguished  by 
the  letters  P  and  M,  were  successively  electrified  as  the  balH 
were  in  the  last  paragraph,     "When  one  conductor  P  was  pom 
tive,  fig.  o,  it  exhibited  the  spark  of  that  electricity  at  its  exti4^ 
tnity,  and  struck  the  side  of  tne  other  conductor  M,     When  tliil 
last-mentioned  conductor  M   was  electrified  negatively,  fig.  " 
the  former  being  in  its  turn  connected  with  the  earth,  the  spa 
ceased  to  strike  as  before,  and  the  extremity  of  the  electrii 
conductor  M  exhibited  negative  signs,  and  struck  the  side 
the  other  conductor.     And  when  one  conductor  was  electrifii 
plus  and  the  other  minus,  fig.  G,  both  signs  appeared  at  the 
time,  and  continual  streams  of  electricity  passed  between 
extremities  of  each  conductor  to  the  side  of  the  other  conduci 
opposed  to  it."     "  The  elTect  of  a  positive  surface  appears 
extend  further  than  that  of  a  negative." 

This  experiment  wilt  need  few  comments,  for  it  is  sufficieutM 
evident  that  if  the  form  of  a  spark  or  its  direction,  is  to  deta 
mine  the  existence  of  an  electric  fluid,  this  experiment  proWl 
that  there  are  two.     Nor  is  it  easy  for  an  unprejudiced  obBerv(i 
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o  explain,  how  able,  intelligent  philosophers  should  be  so  spell- 
lound  by  an  hypothesis,  as,  in  defiance  of  the  plainest  obsenra- 
ions  of  their  senses,  to  assume,  that  in  all  these  instances,  the 
Uectric  spark  was  just  the  same,  produced  by  one  and  the  same 
»use,  a  single  electric  fluid,  passing  in  every  case  from  the 
ilus,  or  positive,  to  the  minus,  or  ne^tive  conductor. 

These  observations  on  M.  Van  Marum's  paper  would  be  here 
included,  but  there  is  another  part  of  it  relating  to  the  apparent 
repulsion  of  electrified  light  bodies,  containing  a  few  arguments 
io  novel  and  original,  that  though  it  is  not  intended  generally  to 
enter  in  this  place  upon  the  subject  of  electrical  repulsion,  it  is 
difficult  to  avoid  taking  some  little  notice  of  them. 

M.  Van  Marum  first  assumes,  that  it  is  "  a  sound  truth,  and 
mell  confirmed  by  experience,  that  no  electric  force  can  arise 
from  the  surface  of  a  body,  unless  this  latter  be  in  contact  with 
bodies  either  solid  or  fluid  which  assume  a  contrary  force,  or  be 
surrounded  by  such  bodies." 

To  be  sure  it  has  seemed  to  be  placed  among  the  elements  of 
electrical  science,  confirmed  by  every  experiment,  that  when 
bodies  having  opposite  electricities  are  brought  into  contact,  the 
electricities,  unless  controlled  by  superior  attractions,  combine 
and  are  neutralised.  But  it  is  not  here  intended  to  controvert 
the  bases  of  the  reasoning,  but  to  notice  the  method  of  argument 
founded  upon  those  bases. 

M.  Van  Marum  proceeds.  *'  A  body  positively  electrified  and 
placed  in  the  air  is,  therefore,  conformably  to  this  law  surrounded 
with  an  atmosphere  of  contrary  electric  power ;  and  a  negatively 
electrified  body  is,  on  the  other  hand,  surrounded  by  a  positively 
electrified  atmosphere."  "  It  is  evident  that  every  electrified, 
body  must  necessarily  be  placed  in  the  midst  of  this  atmosphere 
of  an  opposite  electric  force,  the  contrary  being  impossible." 

Now  if  these  propositions  were  true,  it  is  quite  clear  that  an 
electrified  sphere  would  form  around  itself  a  spherical  electrified 
atmosphere  of  which  the  sphere  would  be  in  the  centre.  If, 
therefore,  two  similarly  electrified  pith  balls  were  suspended  in 
contact,  they  would  form  around  themselves  spherical  atmo- 
spheres havmg  an  opposite  electric  force  to  themselves,  fig.  7. 
The  pith-ball  A  would  be  surrounded  by  the  atmosphere  CD£F, 
and  the  pith-ball  B  by  t'.ie  atmosphere  C  G  E  H.  It  is  evident 
that  the  centre  of  the  joint  atmospheres  would  be  at  the  point  of 
contact  of  A  and  B,  to  which,  therefore,  they  would  ooth  be 
attracted,  and  consequently  would  remain  at  rest.  But  these 
atmospheres  would  not  suit  M.  Van  Marum's  hypothesis,  nor  in 
it  consistent  with  the  facts  that  the  pith-balls  should  remain  at 
rest.  These  difficulties  are  most  ingeniously  overcome,  bv 
M.  Van  Marum's  supposing  that  the  pith-balls  A  and  B,  fig.  o, 
should  form  atmospneres  round  centres  C  and  D  at  a  distance, 
and  then  that  each  atmosphere  would  attract  its  pith-ball  to  that 
centre.    Why  the  balls  should  form  atmospheres  round  those 
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AMitreG  berore  they  themselves  get  there,  or  how  they  should  be 
attracted  by  the  atmoBpheres  before  those  atraoepheres  sfe 
formed,  M-  Van  Marum  hns  not  suggested,  nor  is  it  easy  to 
imagine. 

It  ia  not,  however,  fair  to  complEun  of  M,  Van  Marnm's  snp- 
porting  one  hypothesis  by  another,  nor  do  I  perceive  that  hu 
own  hypotheeiB  is  more  contrary  to  his  own  proposttions  than  tht 
Fraoklinian  hypothesis  is  to  the  analogies  of  nature.  Frar.kia 
cappoeeB  that  there  is  in  all  bodies  a  natural  quantity  of  electnc 
fluid,  which  cannot  be  perceived,  and  produces  no  effects  ;  and 
irbich  consequently  is  from  its  very  nature  incapable  of  uw 

£roof;  thv\t  it  so  perfectly  coiubineB  with  bodies  as  entirely  ttl 
ne  ail  its  properties,  yet  is  held  by  so  slight  a  force  as  to  be 
lemoved  by  the  least  possible  attraction ;  as  in  the  commumc&' 
ton  of  negative  electricity.  Such  a  fluid  is  perfectly  anomaloDg, 
leaving,  therefore,  the  hypothesis  not  only  unsupported  by  fact, 
but  even  by  analogy. 

Bnt  it  may  be  said,  if  there  be  two  electric  fluids  which  en 
coinbination  neutralise  each  other,  what  becomes  of  that  con- 
-pound  ?  It  certainly  woukl  not  follow  that  if  no  answer  could  be 

gven  to  the  question,  therefore  the  Franklinian  hypothesis  amft 
;  correct.  That  would  still  be  entirely  an  hypothesis,  ao^ 
therefore,  ought  at  once  to  be  rejected,  as  offering  the  wrong 
path  to  truth  :  nor  ought,  on  the  other  hand,  any  hypothesis  to 
be  received  in  reply  to  such  a  question.  In  order,  however,  that 
we  may  not  be  misled  from  the  proper  answer,  it  may  be  well  to 
observe  that  it  ought  not  to  be  expected  that  the  compound 
fluid  should  possess  the  same  properties  as  its  component  parts 
any  more  than  water  does,  or  nitnc  acid.  Another  question  may 
perhaps  lead  ns  to  the  proper  answer.  !s  there  any  thing  always 
produced  by  the  combination  of  two  electricities  T  If  there  be, 
we  are  bound  to  assume  that  the  produce  is  the  compound  ol' 
the  two  Uuids.  Oxygen  and  hydrogen  combine,  and  the  caloric 
being  disengaged,  water  is  produced  ;  and  we  assume  that  water 
is  a  compound  of  oKygen  and  hydrogen.  The  two  electric 
fluids  combine,  and  caloric  is  produced,  and  that  not  from  aw  J 
concussion  of  the  air,  for  it  is  produced  in  vacuo.  Why  then^  I 
not  the  same  inductive  reasoning  to  be  admitted  in  ethereal  as  n  I 
gaseous  fluids  1  Why  should  we  not  admit  the  suggestion  whiiSh  I 
has  been  offered,*  that  caloric  is  a  compound  of  the  two  elec- 
■tricitiee?  I  remain,  Sir,  yours,  6tc.  C. 

*  Xusjr  on  Heit,  light,  ud  EixetnaXy,  hj  C.  C  Bompui. 
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Articus  III. 

JUmarks  on  Mr,  PhiUip%*s  AnalifsU  ofiht  Pharmacopaia  Collegii 
Regni  Medicorum  Edinburgtnmf*  contained  in  a  Letter  addreued 
to  U*  P/Ullipsy  Esq.    By  Dr.  Hope,  Profeuor  of  CheBustvy 

.  ui  the  University  of  Edinbui^h. 

SIR,  Edinburgh^  Fa.  12,  18SU 

.  Tqe  Boyal  College  of  Physicians  of  Edinburgh  in  preparing 
new  editions  of  their  Pharmacopceia.  gladly  avail  themselves  of 
every  suggestion  that  may  enable  them  to  render  that  work  wor- 
tiby  of  the  public  confidence ;  and  I  entertaia  no  doubt  that  here- 
after they  will  continue  to  be  thankful- for  services  of  the  like 
description  under  whatever  form  (hey  may  present  themselves. 

Well  acquainted  with  your  knowledge  of  chemistry  in  general^ 
^d  your  attention  to  tne  chemical  department  oi  Pharmaco- 
.pqeias  in  particular,  I  confidently  expected  that  the  criticism 
.which  you  have  thought  it  worth  while  to  give  of  the  last  edition, 
.isyepi  after  a  lapse  of  nearly  four  years  since  its  pubhcation, 
'would  have  afforded  much  useful  iniormation  to  guide  us  in  pre- 

Cring  a  future  one.  I  cannot,  however,  conce^  bow  greatly  I 
ve  been  disappointed  in  this  respect.  As  your  remarks  are 
j^  from  being  in  a  strain  of  approbadon,  and  as  the  chemical 
,^partment  had  in  a  great  measure  been  entrusted  to  me,  I  feel 
i}i]at  I  owe  it  to  the  College,  over  whom  I  had  the  honour  of 
presiding,  when  that  edition  came  forth,  to  maiatain  their  credit 
4n  regard  to  this  work,  which,  from  a  certain  de^ee  of  national 
^thority  in  the  preparation  of  drugs  attached  to  it  in  this  part  of 
Jbe  empire,  ought  to  be  as  free  from  blemish,  and  stand  as  high 
.jl^  the  public  estimation,  as  possible. 

I  undertake  the  task  without  reluctance,  both  because  I  consi- 
der it  a  duty  incumbent  upon  me,  and  because,  if  I  do  not 
.deceive  myself,  I  can  easily  make  it  appear  that  the  strictures 
whiph.you  have  pubUshed  upon  its  formulas  are  by  no  means  well 
founded. 

Had  you  been  aware  that  the  late  edition  was  several  yeais 
^der  revisal^  and  that  many  trials  were  made  of  the  different 
processes  directed  in  the  most  esteemed  Pharmacopceias  in 
Europe  with  the  view  of  ascertaining  their  comparative  merits, 
wd  tnat  those  adopted  by  us  have  in  general  been  manjr  times 
lepeated,  I  am  persuaded  that  the  tone  at  least  of  liie  criticism 
would  have  been  considerably  different. 

Permit  me  to  observe  that  most  of  your  objections  to  the 
formula^  apply  to  the  relative  quantities  of  tlie  materials  emplajred, 
m4  T«»t  upw  these  qmgiotjties  deviating  from  tjbe  pcq[ioElione  44 
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ibination  stated  in  Dr.  Wollaston's  table  of  chemical  equiva^ 
leots.  I  apprehend,  however,  that  you  have  made  an  applicatioib 
of  this  beautiful  and  valuable  contrivance  which  its  rery  ingeiJ 
nious  author  never  contemplated,  and  could  not  now  sanction; 
for  though  that  table  displays  the  proportions  in  which  different 
substances  combine,  it  by  no  means  displays  the  relative  quan- 
tities of  the  substances  to  be  employed,  when  decompositions 
are  to  be  effected,  particularly  by  single  affinity.  It  nas  been 
long  known  to  chemists  that  to  achieve  the  complete  decompo- 
sition of  miy  quantity  of  a  compound,  an  excess  of  the  decom* 
posing  material  is  eitner  absolutely  necessary,  or  very  useful,  by 
accelerating  the  operation. 

Were  I  not  addresBing  myself  to  a  person  thoroughly  versed 
in  the  science  of  chemistry,  it  would  be  easy  to  explain  in  detail 
the  reason  of  the  circumstance ;  but  it  will  be  sufficient  to 
remark  that  this  excess  is  in  some  cases  indispensable  from  tbe 
disposition  of  the  decomposing  agent  to  form  a  super  or  bicom- 
pound  with  the  ingredient  to  which  it  is  to  attach  itself,  aa  in 
the  decomposition  of  nitrates  and  muriates  of  alkalies  by  sulphtt- 
ric  acid  to  oe  immediately  brought  into  view ;  and  also  when  the 
substances  are  in  the  state  of  dry  powder,  in  order  that  each 
particle  of  the  compound  may  fully  and  freely  encounter  tboge 
which  are  to  act  upon  it. 

The  reader  who  may  think  it  worth  his  while  to  peruse  these 
observations  is  particularly  req^ueated  to  direct  his  attention  to 
your  critique  commencing  in  p.  58  of  the  first  number  of  thfe 
Annah  of  Philosophy,  and  to  read  in  succession  the  differeift 
articles  to  which  a  reply  is  now  to  be  given, 

Acidiim  Acetiaim  Forte  is  the  first  substance  of  which  yoi 
take  notice,  and  your  objection  to  the  formula  for  its  preparation 
is,  that  the  quantities  of  the  salts  employed  are  not  such  as  ait 
required  for  mutual  decomposition.  It  is  unquestionably  tnfe 
that  the  sulphate  of  iron  contains  more  sulphuric  acid  ttiank 
required  to  saturate  the  oxide  of  lead  in  the  acetate,  but  it  is  df' 
advantage  to  employ  this  excess.  It  facilitates  greatly  the  di*-. 
engagement  of  the  acetic  acid,  and  renders  it  unnecessary  ill' 
raise  the  temperature  to  so  high  a  pitch  as  would  otherwise  fat^ 
required,  by  which  means  the  empyreuma,  unavoidable  in  a^ 
elevated  temperature,  is  in  a  great  measure  prevented ;  hence  i 
the  triding  expence  of  an  additiona^quantity  of  the  sulphate  ft- 
iron,  and  of  an  increased  size  of  utensil,  there  is  a  saving  of  t'H* 
and  of  fuel,  and  a  vast  gain  in  the  quality  of  the  product,  "HI 
object  of  t;ii8  process  is  to  obtain  a  very  strong  acid  capable  d 
dissolving  camphor  at  a  cheaper  rate  than  from  acetate  at' 
copper. 

Acidum  Mvriaticnm. — Upon  the  preparation  of  this  substanctt 
you  remark,  that  "  Equal  quantities  of  sulphuric  acid  and  coiri^ 
mon  salt  are  directed  to  be  employed  in  the  preparation  of  tluV: 
acid.     It  will  be  seen  by  Dr.  Wollaston's  scale  that  the  requiaittfj 
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prdpoitionB  are  8*4  parts  of  acid  to  100  of  salt."  Notwithstand- 
ing your  remark^  you.  surely  cannot  suppose  that  in  directing 
these  relative,  quantities,  the  College  could  be  ignorant  of  the 
proportion  of  the  ingredients  of  muriate  of  soda.  Permit  me  then 
to  remind  you,  that  the  numbers  in  the  scale  indicate  the  ^uan-* 
tity  pf  sulphuric  acid  necessary  to  saturate  a  given  quantity  of 
soda,  but  by  no  means  the  quantitjr  of  this  acid  necessary  to 
effect  the  decomposition  of  the  muriate  with  the  greatest  suc- 
cess and  convevience.  It  must,  I  presume,  forthe  moment  have 
escaped  your  recollection  that  sulphuric  acid  is  much  disposed 
to  form  a  supersulphate  of  soda,  and  consequently  that  if  nc^ 
more  acid  be  employed  than  is  barely  sufficient  to  saturate  the 
quantity  of  soda  contained  in  the  munate,  a  considerable  portion 
of  die  muriate  will  remain  undecomposed. 

'  After  many  repetitions  of  the  process,  I  may  confidently  assert 
Ihat  the  proportions  assigned  in  the  Pharmacopoeia  afford  a 
larger  product  of  muriatic  acid  in  a  shorter  period  at  a  smaller 
expense  of  fuel  than  those  which  you  recommend  as  the  requi- 
site. 

.  Acidum  Nitro8um> — I  suspect  that  we  can  turn  to  little  ac- 
count the  remarks  which  you  have  made  on  the  process  for 
preparing  this  substance,  as  I  am  persuaded  from  ample  expe- 
rience that  they  are  not  correct  either  in  regard  to  the  quantify 
of  the  product,  or  the  condition  of  the  acid  which  is  obtainedf. 
You  have  thought  fit  to  condemn  the  proportions  directed  in  the 
Pharmacopoeia  as  unproductive  and  injudicious  on  the  result  of 
a  solitary  trial,  which  you  state  in  the  following  words :  *'  Iput 
into  a  retort  24  parts  of  nitre  and  16  of  sulphunc  acid,  and  car- 
ried on  the  distillation  as  long  as  nitric  acid  was  produced.    The 
Eroduct  was  of  a  straw  colour,  evidently  containing  but  very 
tde  nitrous  acid,  and  its  specific  gravity  was  1513  instead  of 
1520,  as  stated  in  the  Pharmacopoeia.     It  weighed  11*5  parts, 
whereas  24  parts  of  nitre  are  capable  of  yielding  17  parts  of  acid, 
provided  sufficient  sulphuric  acid  is  employed  to  afford  water 
enough  to  condense  the  nitric  acid.''    The  results  which  I  have 
had  uniformly  for  many  years   are  extremely  different.      The 
quantity  of  acid  amounts  to  15  parts ;  it  possesses  a  full  orange- 
red  colour ;  and  its  specific  gravity,  never  less  than  1520,  occa- 
sionally (when  the  nitre  has  been  previously  well  dried,  and  the 
aulphoric  acid  boiled)  has  been  so  nigh  as  1540. 

I  cannot  refrain  from  expressing  my  suiprise  at  the  following^ 
patragraph :  *^  I  have  already  observed  that  the  acid  which  i 
obtained  has  only  a  straw  colour  instead  of  a  red'  One,  as  the 
College  seemed  to  expect,  and. I  believe  that  whenever  this  acid 
has  tms  red  colour,  it  is  owin^  to  the  presence  of  common  salt 
in.  the  nitre,  the  chl(»rine  ot  ^which  partially  decomposed  the 
Bitric  acid." 

Every  chemist  knows,  that  nitnc  acid  acquires  a  red  colour  by 
the  actioa  of  muriatic  acid  (not  of  ddc^ine  as  you  by  inadtert- 
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ence  here  atate),  which  causes  a.  partial  decompoeition  ;  but  it 
is  altogether  a  mistake  to  suppose  that  the  red  culour  of  the  acid 
got  by  decomposing  nitre  proceeds  from  this  Bourcc,  Hundred* 
of  chemiste,  I  presume,  as  well  as  myself,  have,  since  the  days 
of  Glauber,  been  in  the  habit  of  employing  purified  nitre,  and 
have  obtaineda  red  coloured  acid.  It  must  surely  have  escaped 
your  memory  that  the  red  coloured  acid  is  the  spiritus  tiitri 
J'umaiis,  or  Glauber's  spirit  of  nitre,  the  only  form  of  the  conceo- 
trated  acid  familiar  to  chemists  till  about  40  years  ago. 

In  the  commencement  of  the  distillation,  the  acid  is  pale,  and 
<WBtinues  so  till  towards  the  close  ;  then,  provided  the  tempera- 
tuie  has  been  raised  to  the  due  pitch,  it  acquires  the  orange 
tinge  by  absorbing  the  ruddy  fumes  which  now  appear  accom- 
panied with  oxygen  gas  proceeding  from  the  partial  decomposi- 
tion of  part  of  the  acid. 

As  you  atate  that  you  cannot  see  why  the  Edinburgh  College 
should  employ  the  particular  proportions  directed  by  them,  1 
beg  leave  to  mention  the  reasons ;  first,  the  prescribed  quantity 
of  sulphuric  acid  is  required,  and  proves  sufficient  to  detach  twP 
whole  of  the  acid  from  the  nitre  ;  secondly,  the  acid  thus  pro- 
cured is  of  great  strength,  and  is  so  free  from  sulphuric  acici,  sd' 
to  render  the  second  distillation  enjoined  by  the  London  CollegST 
altogether  unnecessary  for  ordinary  purposes. 

Acidum  Nilricum. — The  criticism  of  this  article  appears  to  mtf  , 
to  be  incorrect  in  every  point.     Having  this  moment  called  yoffl^ 
attention  to  the  mistake  in  regard  to  the  colour  and  quantity  eV 
the  acid,  I  need  not  recur  to  tnem.     Tiiough  for  many  purpoe^ 
the  nitric  and  nitrous  acids  may  be  used  indiscriminately,  yePt 
^here  are  some  where  they  cannot   with  propriety;    and   thlSl^ 
olQect  of  the  formula  is,  to  direct  the  apothecary  how  he  cr** 
procure  a  colourless  acid  ;  while  at  the  same  time  he  obtaii 
a  portion  of  the  acid  in  its  most  nitrous  condition.     I  presume 
is  fVom  your  never  having  seen  the  red  acid  got  by  our  procei 
Hat  you  have  been  led  to  remark  that  the  red  acid  when  diluti 
ia  quite  pale  ;  whereas,  in  truth,  if  it  be  diluted  us  directed 
the  Pharmacopceia,  it  is  of  a  rich  green  colour.     By  free  exj 
sure  indeed  to  the  air,  this  colour  gradually,  but  very  slowly/ 
disappears.  * 

You  have  assigned  as  a  reason  for  preferring  the  process  ofti 
the  London  College,  should  a  pale  acid  be  wanted,  that  it  affbnMT^ 
it  by  one  operation,  while  that  of  the  Edinburgh  requires  two.' 
But  you  have  forgotten  that  the  London  Pharmacopceia  direi  "* 
a  second  distillation  of  a  fresh  quantity  of  nitre,  and  after 
does  not  procure  a  colourless  acid,  . 

Aqua  Potassa. — You  object  to  our  process,  because  thrice  w 
much  lime  is  used  as  the  theoretical  quantity  ;  and  because  tin?' 
excess  occasions  waste  by  the  quantity  of  the  solution  retained.' 
Experimentally  I  have  found  by  many  trials,  that  this  excess  of 
lime  deprives  the  potaasa  muca  more  conapletely  of  its  cwboi ' 
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iieidi  Uma  a  smaller  quantity ;  and  that  there  is  no  waste  of  the 
solution,  provided  the  filtration  be  practised  as  the  Pharmaeo^ 
yosia  directs ;  for  by  the  successive  st^usioos  of  water,  the  whole 
of  the  solution  is  pushed  through  the  lime. 

Suicarbonas  Ammonia, — You  allege  that  two  parts  of  carbon- 
ate of  lime  are  ordered  when  one  and  a  half  ought  to  be  sufficient, 
and  that  the  excess  requires  the  use  of  larger  vessels  and  more 
firing.  The  object  of  me  excess  in  this  case  is  to  secure  the 
decomposition  of  the  whole  of  the  muriate,  and  save  both  timc^ 
and  fuel. 

Aoua  Ammonia. — This  is  a  substance  the  preparation  of  which 
has  been  ordered  in  the  different  Pharmacopoeias  in  a  variety  of 
ways.  Though  you  particularly  condemn  our  process,  yet  I  am 
persuaded,  from  many  comparative  trials,  that  it  merits  the  pre- 
lecence.  Your  first  objection  lies  against  the  excess  of  lime ;  but 
unqiaestionablj,  in  this  instance,  it  is  particularly  useful,  in  acce- 
Itiatiii^  the  disengagement  of  the  ammonia,  and  rendering  a  les»^ 
elevation  of  temperature  necessary.  You  dso  complain  that  the 
pungency  of  the  odouc  on  mixing  and  introducing  the  materials 
into  the  retort  causes  much  annoyance  to  the  operator.  The 
odour  is  unquestionably  pungent,  but  if  the  operation  be  adroitly 
maaaged,  it  causes  no  annoyaaice  of  the  smallest  consideration. 

When  the  quantity  of  materials  is  not  large,  the  mixture  may 
be  made,  and  mtroduced  so  speedily,  as  to  avert  every  inconve- 
nience y  and  if  it  be  intended  that  the  charge  of  the  retort  shafl 
be.  considerable,  it  will  require  no  great  sagacity  in  the  practical 
<^tmist  to  discover,  that  he  can  mix  the  articles  in  as  small  por- 
tiQos  as  he  finds  convenient,  and  introduce  them  in  succession. 
WbH^  you  give  a  preference  to  the  formula  of  the  London  Cot- 
lagB^  you  admit,  that  estimating  by  the  strength  of  the  product 
merely,  that  of  Edinburgh  is  more  economical  in  the  proportion 
o£  16 1^  10  ;  but  you  add,  ''  as,  however,  the  Edinburgh  order 
the  large  quantity  of  lime,  which  they  employ  with  the  muriate 
ofl  ammoma,  to  be  made  red-hot,  the  retort  generally  breaks ; 
and  as  this  does  not  follow  as  a  matter  of  course  in  the  London 
pocess,  I  consider  it  to  be  really  most  economical.^'      Had 
mdeed  the  Edinburgh  College  directed  the  lime  and  the  muriate 
to  be  made  red-hot,  as  you  have  here  inadvertently  stated,  the 
retort  would  almost  infallibly  give  way,  and  the  balance  struck 
by  you  might  then  be  a  fair  one ;  the  College,  however^  have 
^ven  no  such  directions ;  the  words  are  ^^  tandem  ntpponatur 
tmis  sensim  augendus  donee  fundus  ollaferrea  rubescat  et  quam* 
mu  gas  et  humor prodierint.      As  thus  tne  heat  is  to  be  increased 
only  till  the  bottom  of  the  sand-pot  grows  red ;  and  as  the  retort 
has  always  a  quantity  of  sand  interposed ;  and  further,  as  much 
of  the  heat  is  carried  off  by  the  gas,  the  temperature  of  the  mix- 
ture is,  in  every  stage  very  far  distant  from  the  point  of  incan- 
descence ;  indeed  the  whole  ammonia  is  disengaged  long  befbre^ 
the  temperature  could  be  elevated  to  that  point ;  and  the  Phar- 
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macopceia  directs  the  process  to  be  stopped  as  soon  as  the  whole 
of  it  has  come  over, 

The  consequence  is,  that  the  retort  Js  in  no  hazard  of  being 
broken.  I  have  employed  the  same  retort  many  times ;  and  in 
fact  I  know  no  process  in  which  a  retort  is  less  likely  to  suifer 
than  the  one  now  under  consideration. 

You  have  also  said  that  having  tried  the  processes  of  the 
London  and  Edinburgh  Colleges,  you  certainly  find  that  of  the 
London  more  easily  mantled.  In  my  trials,  the  reverse  has 
been  the  case.  In  the  London  mode,  in  addition  to  the  trouble 
of  lUtrating,  much  more  attention  is  requisite  in  the  management 
of  the  distillation.  If  the  retort  and  receiver  be  closely  luted, 
which  is  often  done  to  prevent  the  escape  and  loss  of  ammoniB, 
the  heat  must  be  regulated  with  the  utmost  care,  else  there  is  ft 
great  risk  of  bursting  the  vessels.  If  they  be  not  closely  joined, 
Uie  loss  of  ammonia  is  considerable.  The  Edinburgh  process  'u 
not  liable  to  inconvenience  from  either  of  these  sources,  and  the 
general  advantages  which  I  have  found  it  to  possess  are,  that  it 
IS  the  most  economical  both  in  regard  to  the  quantity  of  the  pro- 
duct, and  the  time  and  fuel  req  uired  to  obtain  it ;  and  that  it  i> 
managed  with  less  trouble,  without  being  liable  to  the  chance  of 
having  the  retort  broken,  either  by  bursting,  or  by  any  other 
cause  peculiar  to  the  process. 

Tartras  Antimonii. — The  name  given  to  this  substance  natu- 
rally first  excites  your  animadversion.  Had  you  happened  to' 
look  at  the  preface  to  the  PharmacopGeia,  you  would  have  found' 
the  reasons  assigned  by  the  College  for  deviating  occasionaltjf' 
from  strict  nomenclature,  and  abbreviating  the  name  of  some!  — 
compound  substances,  for  the  sake  of  convenience  in  prescrip* 
tion,  by  restricting  it  to  that  of  the  active  ingredient.  Th«* 
Tartras  Antimonii  is  one  example.  * 

There  is  no  preparation  in  the  Pharmacopaia  for  which  stf^ 
many  and  so  varied  formulas  have  been  proposed  as  the  tartras^ 
antimonii ;  and,  upon  this  article  I  sliall  only  remark,  that  witli' 
the  aid  of  Dr.  Duncan,  jun.  Professor  of  the  Institutes  of  Medi' 
cine,  all  the  processes,  lately  recommended  by  the  Colleges  <rf 
London  and  of  Dublin,  and  by  yourself,  were  carefully  tried 
and  that  we  saw  no  reason  for  preferring  any  of  them  to  the  on< 
in  our  former  edition. 

Carbotias  I'crri  Prtccipttatiis. — As  I  have  not  lately  performi 
the  process  for  obtaining  this  substance  with  a  view  of  ascet- 
taimog  the  proper  proportions,  1  shall  not  presume  to  assert  thti 
in  this  instance  alsoyou  have  been  unfortunate  in  your  criticisiol' 
At  all  events,  the  difference  between  the  quantity  of  subcarbona"" 
of  soda,  ordered  by  the  Edinburgh  College,  and  that  which  y( 
commend,  is  so  inconsiderable,  that  it  may  easily  have  arisen' 
from  the  different  condition  of  the  subcarbonate  employed 
regard  to  water  of  crvstaliization. 

Acelas  Hi/drargyn. — You   profess    to  be  ignorant  why 
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College  orders  a  slight  excess  of  acid.  Allow  me,  therefore,  to 
q^forpi  you,  that  when  a  solution  of  the  hitrate  of  mercury  wiih- 
nt  excess  is  poured  into  a  solution  of  the  acetate  of  potassa,  a 
wbidity  atnl  deposition  of  subnitrate  of  mercury  commonTy 
ake  place  ;  and  tne  proper  product  is  injured,  unless  the  licjubr 
3e  immediately  filtered  as  the  DubUn  ColTe^  directs.  The  shght 
excess  of  acid  completely  guards  against  this  occurrence. 

Tlie  quantity  of  water  directed  by  the  Pharmacopoeia  is  not, 
as  you  allege,  too  large ;  it  is  required  to  keep  the  acetate  of 
mercury  in  solution  at  the  moment  of  its  formation,  and  thus 
secures  its  perfect  crystallization. 

Murias  Hydrargyri  Convsivus. — The  fault  which  you  have 

stated  to  the  direction  for  this  substance  is  the  excess  of  the 

common  salt ;  but  you  are  certainly  in  a  mistake  in  asserting 

t^t  it  is  totally  useless.     Here  I  am  persuaded  it  is  particularly 

required  that  no  portion  of  the  sulphate  may  suffer  the  subliming 

temperature  free  from  the  contact  of  muriate  of  soda. 

,  Submurias  Hydrargyri  Pracipitatus, — Since  you  admit  the 

assigned  proportions  of  acid  and  mercury  to  be  correct,  little 

comment  on  your  remark  is  required.    The  College,  however,  is 

not  inconsistent,  as  yoU  assert,  in  ordering  some  excess  of  nitric 

acid  for  the  acetate,  and  forbidding  it  for  this   preparation ; 

because  the  excess  is  advantageous  for  the  one,  and  prejudicial 

for,  the  other. 

Oxidum  Hydrargyri  Cinereum. — As  you  have  already  acknow- 
ledged with  much  candour,  in  p.  144  of  No.  II.  of  the  New 
Senes  of  the  Annals,  that  you  had  committed  an  error  in  greatly 
overrating  the  quantity  of  earth  in  the  solution  of  lime,  and  have 
inconsequence  withdrawn  your  objection  to  the  formula  for  this 
substance,  it  is  unnecessary  for  me  to  say  any  thing  in  its 
defence. 

Oxidum  Hydrargyri  Rubrum  per  Acidum  Nitricum, — If  the 
diluted  nitric  acid  nave  been  formed  from  the  strongest  acid, 
you  are  perfectly  correct  ih  saying  that  it  will  dissolve  an  equal 
weight  of  mercury,  and  in  that  case  more  acid  is  ordered  by  the 
Edinburgh  College  than  is  necessary  for  preparing  this  substance. 
But  if  the  best  acid  usually  met  with  in  apothecaries'  shops  be 
employed,  in  consequence  of  its  inferior  strength,  the  proportion 
assigned  in  the  Pharmacopceia  will  be  found  most  suitable. 

Acetas  Plumbi. — In  the  formula  for  this  substance  I  acknow- 
ledge that  you  have  detected  an  oversight  on  the  part  of  the 
CoUege.  I  trust,  however,  it  is  a  very  venial  one,  as  it  consists 
merely  in  employing  the  older  instead  of  the  new  name  for  the 
oxide  of  lead  used  in  this  preparation. 

I  have  now  gone  through  the  difierent  articles  of  your  criticism, 
and  with  the  exception  of  the  trivial  oversight  in  nomenclature 
now  admitted,  I  trust  that  every  chemist  who  shall  peruse  these 
remarks  will  be  satisfied  that  none  of  your  objections  are  well 
founded.    I  am  very  far  from  thinking  that  our  Pharmacopceia 
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is  free  from  blemish,  though  I  am  convinced  that  the  Collegi 
took  great  pains  to  render  it  so.  To  them  it  must  be  saliefac- 
tory  and  gratifying  that  after  so  long  and  deliberate  a  considera- 
tion of  its  merits,  you  have  not  discovered  in  the  departmeBt 
which  has  excited  your  attention  any  real  imperfection.  1 
earnestly  beg  that  you  will  take  the  trouble  of  repeating  those 
processes,  of  which  you  haye  expressed  your  disapprobation, 
and  faithfully  observe  the  directions  of  our  Pharmacopceia,  when 
I  am  fully  persuaded  you  will  be  convinced  that  your  stricture 
have  been  misapplied. 

Though  in  repeUing  your  a.ttack,  I  have  been  under  the  r 
sity  of  pointing  out  numerous  mistakes  into  which  you  ban 
fallen,  yet  I  entertain  that  opinion  of  your  candour  and  justiij 
as  to  leave  me  no  doubt  of  your  giving  a  place  to  this  lettet.r 
the  next  number  of  the  Annuls  of  Philosophic.  An  opportuui 
will  thus  be  afforded  to  those  who  have  read  your  analysigi 
seeing  also  the  reply  to  it.  1  have  the  honour  to  be,  Sir, 
Your  veiy  obedieut  servant, 

fiioMAs  Charles  Hope. 


An  Eiperimeictal  Inquiry  in  the  Chemical  Properties  and  EconO' 
micaiand  Medicinzl  Virtues  of  the  Humulns  Lupulia,  « 
Common  Hup*    By  Ansel  W.  Ives,  MD.  of  New  York, 

The  hop  is  a  hardy  perennial  plant,  which  grows  spontam 
ously  in  the  northern  parts  of  Europe  and  America.f  It  beltmS 
to  the  class  Dicccia,  and  order  Penlandriii,  of  Linnceus.  Ill 
plant  which  bears  the  male  flowers  is  not  cultivated,  and  is  ei 
led  the  wild  hop.%  The  common  domestic  hop,  which  ia  ^ 
female  plant,  is  now  to  be  the  subject  of  investigation.  Its 
general  character  is  too  well  and  too  universally  known  to  need 
description.  The  hop^  has  been  regarded  from  time  immemo- 
rial as  an  indispensable  ingredient  in  malt  liquors.  It  was  iiaro- 
duced  and  cultivated  for  that  purpose  in  England  about  the  year 
■  1549,  and  has  since  been  used  so  extensively  in  that  coonti)' 
^mI  in  many  others,  as  to  have  become  an  important  article  of, 
commerce.     It  has  long  been  known  also  to  possess  some  vBt&G; 

"  From  an  Ameriran  Sriendfic  Jouma!. 

->-  That  the  HumuluiiK  a  native  of  America  has  been  canfirmed  bf  the  o 
of  Miobcaui,  Nultoll,  fiatoa,  Torre;,  and  othets. 

X  A  Ter;  accuiatc  drawing  and  niin  ute  dissccdoti  of  the  male  and  fem&le 
maj  be  found  in  "  Laniarch's  Encycloiicdiu,"  partSS,  plate  815. 

§  Writers liave  geoetall}'  used  the  term  hop-plani  to  diminguish  tbc  whob  T^eMA(| 
'    Bnd  the  Ai>/>  to  designale  thut  port  vf  it  used  in  brewing. 
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^B  a  medicine^  and  a  general  description  of  its  character  and  pro- 
perties is  recorded  in  most  Pharmacopoeias. 
,  Not  having  seen  any  accurate  analysis  of  this  article,  and 
considering  it  important  that  the  physician  shoidd  know  in  what 
part  of  the  plant  its  medicinal  virtue  resides,  I  commenced  some 
experiments  with  a  view  to  ascertain  this  object.  The  facts 
which  were  developed  in  the  progress  of  the  investigation  were 
to  me  novel  and  unexpected ;  and  the  results  to  which  they 
obviously  led  altogether  different  from  what  I  had  anticipated. 
TTie  medicinal  character  of  the  hop  was,  therefore,  now  regarded 
as  a  subject  of  minor  importance  ;  for  however  desirable  mi^ht 
be  the  merit  of  introducing  to  general  use  a  new  and  eli^ble 
form  of  medicine,  that  consideration  would  excite  comparatively 
out  little  solicitude,  while  there  existed  a  hope  of  effecting  an 
improvement  in  domestic  economy,  which  would  be  matenally 
interesting  to  a  great  portion  of  the  civilized  world. 

A  quantity  of  hops  was  procured  which  had  been  kept  for 
domestic  purposes  in  a  small  bag  for  three  years.  When  they 
'  were  taken  from  the  bag,  there  remained  about  two  ounces  of  an 
impalpable  yellow  powder,  which,  by  sifting,  was  rendered  per- 
fectly pure.  This  substance  has  probably  been  observed  by  most 
persons  acquainted  with  the  hop,  and  I  suspect  has  generally  been 
mistaken  for  pollen^  but  it  is  peculiar  to  tne  female  plant,  and  is 
probably  secreted  by  the  nectaria.  It  seems  to  have  been  more 
correctly  appreciated  by  those  accustomed  to  the  domestic  use 
of  hops,  than  by  many  others,  professing  a  more  scientific  know- 
ledge of  their  culture,  properties,  and  use.  I  have  not  been  able 
to  find  any  notice  of  this  powder  in  books,  and  know  not  that  it 
has  been  designated  by  any  appropriate  term.  In  the  following 
inquiry,  therefore,  it  will  be  called  Lupulin, 

Exp,  1. — One  dram  of  lupulin  was  boiled  with  two  ounces  of 
water,  in  a  small  retort,  till  a  third  part  of  the  water  had  passed 
over  into  a  receiver.  The  fluid  that  came  over  indicated  slightly 
the  peculiar  aromatic  flavour  of  the  hop  ;  it  was  perfectly  trans* 
parent,  very  little  discoloured,  and  exhibited  no  appearance  of  a 
Volatile  oil.  The  water  remaining  in  the  retort  was  aromatic  and 
Utter.  When  filtered  and  evaporated,  it  yielded  10  grs.  of  a  pale 
yellow  extract,  intensely  bitter,  and  possessing  in  a  high  degree 
Ihe  pecuUar  aromatic  taste  of  the  hop. 

Krp.  2. — Two  ounces  of  the  best  merchantable  hops  were 
distilled  in  a  retort  with  six  ounces  of  water  till  half  of  the  fluid 
had  passed  over  into  a  receiver  of  water.  The  water  in  the 
receiver  was  slightly  impregnated  with  the  odour  of  the  hop,  bat 
there  were  no  appearances  of  volatile  oil. 

Exp.  3. — Two  drams  of  lupulin  were  boiled  in  a  retort  with 
three  ounces  of  alcohol.  The  alcohol  came  over  strongly  impreg- 
■ated  with  the  aroma  of  the  lupulin ;  but  there  was  no  visime 
bdicatioii  of  an  essential  oil.  Tii6  remaining  alcohol  had 
assumed  a  brilliant  yellow  colour,  and  a  pleasant  but  intensely 

n2 
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bitter  taste  ;  when  filtered  and  evaporated,  it  yielded  one  dram 
of  extract,  of  the  consistence  of  soft  wax.* 

Exp.  4. — A  saturated  decoction  ot  the  lupulin  was  prepared 
with  pure  water.  It  was  opaque,  and  of  a  pale  yellow  colour. 
By  adding  to  a  portion  of  it  a  solution  of  the  sulphate  of  iron^ 
the  colour  was  changed  to  a  deep  purple,  approaching  to  black; 
a  solution  of  animal  gelatine  threw  down  a  copious  ash-coiourel 
precipitate,  which  lett  the  euperratant  licjuor  transparent  wA. 
clear.  This  liquor  was  now  decanteii  ;  by  adding  to  it  a  solutto 
of  iron,  it  was  changed  to  a  pale  blue  ,  the  acetate  and  subac^ 
tate  of  lead  caused  a  copious  curdy  yeilow  precipitate;  tlje 
nitrate  of  silver,  a  greenish  flocculent  precipitate ;  muriate  of  tJBt 
■when  first  added,  produced  no  change,  but  after  standing  ashiKt 
time,  a  brown  precipitate ;  a  solution  of  sulphate  ofalumiiie 
caused  no  immediate  change,  but  by  boihng  with  the  decoction, 
it  separated  a  dense  precipitate.  Silicated  potash,  alcohol,  and 
vegetable  blue,  induced  no  change. 

Eip.  5. — Two  drama  of  lupulin  in  four  ounces  of  water  weie 
digested  six  hours  in  a  sand-bath.  The  infusion  yielded  hyew 
poration  six  grains  of  aromatic  and  bitter  extract.  Two  0unc« 
of  proof  spirit  were  added  to  tlie  eame  lupulin,  and  subjected  to 
a  moderate  heat  12  hours  ;  when  filtered  and  evaporated,  then 
remained  six  grains  of  a  resinous  extract.  The  same  lupulin  wi» 
Agested  30  minutes  in  boiling  alcohol,  from  which  was  obtained 
by  evaporation  62  grs,  of  extract.  The  extract  obtained  by  the 
second  process  was  soluble  in  pure  alcohol,  and  when  water  w»i 
added  to  the  solution,  it  became  turbid  and  milky. 

Eip.G. — The  lupuhn  used  in  the  last  experiment  was  boiled 
in  strong  caustic  ammonia.  When  filtered  and  supersaturated 
with  distilled  vinegar,  a  copious  precipitate  ensued,  which  WM 
insoluble  in  alcohol,  and  possessed  the  sensible  properties  of  an 
impure  wax.  The  last  three  experiments  show  pretty  satisfacto- 
rily that  the  most  important  proximate  principles  of  the  lupulil 
are  resin,  wax,  tannm,  gallic  acid,  a  bitter  principle,  and  tD 
extractive  matter.  The  following  experiments  were  instituted 
for  the  purpose  of  ascertaining  more  accurately  their  respectlTt 
proportions  as  well  as  the  a^regate  amount  of  soluble  matter '" 
a  given  quantity  of  lupulin. 

Exp.  7. — Two  drams  of  lupulin  were  infuaed  five  hours  in  boil- 
ing water.  To  the  filtrated  infusion  were  added,  at  intervals, 
five  grains  of  animal  gelatin  in  solution,  when  it  ceased  to  pro- 
duce any  precipitate,  and  the  supernatant  liquor  became  tran*- 
parent  and  clear.  The  sediment,  when  dry,  weighed  10  grains. 
An  ouuce  of  alcohol  was  added  to  the  fiJtered  solurion,  but  it 

•  These  eitpetiments,  wilh  some  VBti«tion,  i 

to  detect,  if  practicable,  the  vdlatile  oil  which  Li         ..^ ^ 

essential  to  the  flavour  of  beer.  The  result  was  uniformly  the  si 
anima  of  I)ic  hop  waa  always  obvious  to  the  smell  ud  taate,  but  I  ni 
"  rm  of  an  esscnlial  oiL 


1821 .]        and  Medicinal  Virtues  of  the  Common  Hop.  197 

caused  no  change  ;  by  evaporation,  it  yielded  15  grs.  of  a  very 
bitter  extract.  The  same  lupulin  was  digested  again  in  boiling 
water — animal  gelatin  added  to  the  filtered  solution,  induced  no 
precipitate ;  by  evaporation,  an  additional  quantity  of  six  grs. 
of  the  watery  extract  was  obtained. 

Exp,  8. — ^The  extract  obtained  in  the  last  experiment,  was  put 
into  pure  alcohol,  and  frequently  agitated.  After  24  hours  it 
was  filtered  ;  10  grs.  had  been  redissolved  by  the  alcohol,  and 
an  insoluble  mass,  weighing  11  grs.  was  left  upon  the  filter. 

Exp.  9. — ^The  same  lupulin  which  was  used  in  the  seventh 
experiment  was  now  digested  in  alcohol.  The  infusion  was. 
lughly  bitter,  and  of  a  fine  yellow  colour ;  it  gave  by  evaporation 
24  grs.  of  resin.  By  digesting  in  a  second  portion  of  alcohol,  12 
crs.  more  of  resin  were  obtained,  less  bitter,  but  otherwise  like 
uie  last. 

Exp,  10. — The  lupulin  which  was  the  subject  of  the  last  expe- 
riment, after  having  been  thus  boiled  in  water,  and  digested  in 
alcohol,  was  put  into  a  small  retort,  and  boiled  in  two  ounces  of 
ether.  While  boihng,  it  was  filtered  into  a  vessel  containing  cold 
water,  by  which  means  12  grs.  of  wax  were  obtained.* 

Exp,  11. — Half  an  ounce  of  lupulin  was  boiled  successively  in 
^ater,  alcohol,  and  ether.  On  weighing  the  insoluble  residuum, 
it  was  found  that  five-eighths  of  the  whole  had  been  taken  up  by 
the  solvents. 

From  the  foregoing  experiments,  all  of  which  were,  with  some 
variation,  frequently  repeated,  I  infer,  that  the  lupulin  contains 
a  very  subtle  aroma,  which  is  yielded  to  water  and  to  alcohol, 
and  which  is  rapidly  dissipated  by  a  high  heat;  that  no  essen- 
fial  oil  can  be  detected  by  distillation  in  any  portion  of  the  hop  ; 
that  the  lupulin  contains  an  extractive  matter,  which  is  soluble 
only  in  water ;  that  it  contains  tannin,  gallic  acid,  and  a  bitter 
principle,  which  are  soluble  in  water  and  in  alcohol ;  that  it  con- 
tains resin,  which  is  dissolved  by  alcohol  and  by  ether,  and  wax, 
which  is  soluble  only  in  alkalies  and  in  boiling  ether ;  that  it 
contains  neither  mucilage,  gum,  nor  gum-resin  ;  tnat  the  aromatic 
and  bitter  properties  of  the  lupulin  are  more  readily  and  com- 
pletely imbibed  by  alcohol  than  by  water,  and  much  sooner  by 
DOth  when  they  are  hot  than  when  they  are  cold ;  that  about 
five-eighths  of  the  whole  substance  is  soluble  in  water,  alcohol, 
and  ether,  there  being  about  three-eighths  of  it  vegetable  fibrous 
matter.     These  proximate  principles  exist  in  very  nearly  the 

♦  The  usual  method  of  separating  wax  from  vegetables,  by  boUing  them  in  caustic 
ammonia,  and  then  supersaturating  the  alkali  vn&.  vinegar,  or  with  diluted  sulphuric 
add,  is  tedious,  and  the  results  unsatisfactory.  The  following  is  a  much  more  easy  and 
beautiful  process.  After  digesting  the  'substance  in  boiling  water  and  cold  alcohol,  let  it 
be  boiled  m  ether,  and  the  solution  strained,  wlJIe  boiling,  into  cold  water.  The  wax» 
tiiiich  is  held  in  solution  by  boiling  ether,  is  thrown  down  as  soon  as  the  ether  is  cooled 
Inr  the  water,  and  its  spediic  gravi^  being  greater  thai)  that  of  ether,  and  less  than  that 
«f  water,  it  forms  a  beautiful  partition  between  them.  If  the  ether  be  sufibrtd  to  CY»po* 
rate,  the  wax  may  be  taken  from  the  water  entire.  .     .  ^ 
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foUowing  proportions : — In  two  drams  (or  120  grains)  of  lupulij 


Tannin 6 

Extractive  matter 10 

Bitter  principle 11 

Wax 12 

Reaiti 36 

A  woody  fibrous  substance,  orlignin 46 

^p.  12, — Two  drams   of  the  leaves,*  from  which   all  1 

7'  ufin  had  been  separated,  were  digested  12  hours  in  six  ounc( 
boiling  water.  The  infusion  was  bitter,  and  exceeding! 
unpleasant  to  the  taste  ;  it  po£s.essed  none  of  the  aromatic  flavoi 
and  peculiar  bitter  of  the  lupulin.  When  filtered  and  evapuratei 
it  yielded  five  grains  of  nauseous  extract.  The  same  leayf 
were  again  digested  in  six  ounces  of  proof  spirit:  after  12  hour 
the  infusion  was  filtrated,  and,  by  evajDoration,  yielded  five  gt 
of  extract,  similar  to  the  last.  The  same  leaves  were  digest« 
24  hours  in  alcohol ;  the  infusions  manifested  none  of  the  sens 
ble  properties  of  the  hop  ;  it  gave  by  evaporation  four  grains  b 
extract.  The  taste  of  none  of  the  extractive  matter  obtain^ 
from  the  leaves  was  sufficiently  characteristic  of  the  hop  to  desij 
nate  that  it  was  obtained  from  that  article.i- 

From  this  and  other  similar  experiments  leading  to  the  sag 
results,  1  think  it  is  conclusively  proved,  that  the  virtue  of  d 
hop  resides  exclusively  in  the  lupuhn ;  that  the  leaves  contain' 
nauseous  extractive  matter,  which  is  imparted  to  water  and  t 
alcohol,  and  which,  instead  of  adding  to  tlie  bitter  and  aromaQ 
flavour  of  the  lupulin,  partially  neutralizes  or  destroys  it. 

The  obvious  inference  from  these  results  was,  that  the  lupuQ 
was  the  only  part  of  the  hop  essential  to  economical  purposes 
an  inference  so  little  anticipated,  that  it  became  an  importai 
subject  of  inquiry,  whether  that  part  of  the  plant  was  duly  est 
mated  by  practical  brewers — whether  it  had  been  regarded  1^ 
authors  as  preferable  to  the  leaves,  and  if  so,  what  ioipedimei^ 
or  what  consideration  prevented  its  being  separated  from  th 
chaff. 

On  making  inquiry  of  a  number  of  brewers  in  this  city,  it  » 
ascertained  that  there  was  about  one  in  three  who  considere 
iHis  powder  useful,  in  common  with  other  parts  of  the  plant, 
was  Known  to  all  that  hops  were  used  principally  for  their  andC 
septic  powers,  or  to  preserve  tlie  beer  from  acetous  fermentation^ 
but  neither  practical  brewers,  nor  scientific  writers  on  brewing 

•  It  will  lie  unUerslodd  that  liy  the  haven  me  meant  the  calicn  which  form  the  flow^K  J 
ta  that  put  of  the  hop  commonlf  used  in  brewing.  ' 

i  It  in  necexsary  to  reinatk  llist  ffettt  care  wst  taken  \o  procure  the  leavcc  ti 
Wji^uneptpctftistlj  free  ftomthe  lujulin,  which  is  oidinatiJynttRdied  W  Iheni  ic 
.1. — J Thig  razujBt  fa"  to«  by  threJuM  iJiem. 
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ippear  to  have  noticed  this  substance  particularly.  By  some  of 
Jie  former^  it  is  regarded  as  useless.  When  at  one  brewery  I 
■sked  for  some  of  the  yellow  powder  that  was  found  at  the  bot- 
;om  of  the  hop  bags ;  I  was  told  that  I  could  find  but  little  thelF^^ 
■»but  a  few  days  ago  they  had  swept  half  a  bushel  of  it  from  the 
ktore. 

I  was  now  resolved  to  ascertain^  if  possible,  the  proportion  df 
«pulin  in  the  merchantable  hop^  and  also  whether  it  could  b« 
iompletely  and  readily  separated  from  the  leaves.  Accordingly 
lix  pounds  of  pressed  hops  were  taken  from  the  centre  of  a  bag, 
i^ntaining  some  hundred  pounds,  and  exposed  to  heat  till  per* 
Pictly  dry.  They  were  then  put  into  a  light  bag,  and  by  thresh* 
LBg,  rubbing,  and  sifting,  14  ounces  of  the  pure  powder  weiie 
sisparated  in  a  short  time,  and  with  very  little  labour. 

Though  the  quantity  thus  obtained  was  surprisingly  great> 
khere  was  obviously  a  considerable  proportion  remaining  which 
could  not  easily  be  separated  from  the  chaff.  If,  therefore,  the 
bops  were  gathered  when  the  lupuliri  existed  in  the  greatest 
stbundance,  and,  instead  of  being  pressed  and  packed,  were 
exposed  to  the  sun  till  perfectly  diy,  there  is  little  doubt  but  six 
"pounds  would  yield  a  pound  of  the  powder  in  question.* 

The  foregoing  experiments  were  not  completed  till  late  in  the 

r'ng,  when  the  best  season  for  brewing  was  passed,  but  wiUl 
advice,  and  by  the  direction  of  Robert  Barnes,  Esq.  (att 
experienced  and  scientific  brewer,  zealous  for  the  improvement 
of  his  art)  two  barrels  of  beer  were  made  in  which  mne  ouncee 
of  die  lupulin  were  substituted  for  five  pounds  (the  ordinary 
quantity)  of  hops.  The  result  confirmed  the  most  sanguine 
expectation.  Though  the  quantity  of  lupulin  was  less  than  what 
(according  to  the  foregoing  statement)  usually  enters  into  the 
same  quantity  of  wort  ;v  and  though  the  weather  during  the 
month  of  June  was  unusually  warm,  and,  therefore,  unfavourable 
to  its  preservation,  still  the  beer,  which  is  now  five  weeks  old, 
is  very  fine.  It  is  pleasantly  aromatic  and  bitter,  and  in  a  pei^ 
fect  state  of  preservation. 

To  ascertam  the  preservative  property  of  the  lupulin  by  a  more 
direct  experiment,  equal  quantities  of  the  beer  were  put  into 
separate  vials  and  exposed,  unstopped  to  the  sun.  To  the  beer 
in  one  vial  was  added  a  scruple  of  lupulin.  The  beer,  to  which 
none  was  added,  became  mouldy  and  sour  in  10  days  ;  the  other 
waft  unchapged  at  the  expiration  of  15  days. 

Having,  as  I  conceive,  demonstrated  that  tihe  lupulin 
done  contains  the  bitter  principle  and  the  aromatic  flavour  of 
the  hop,  which  are  essential  to  the  excellence  and  preservation' 
of  malt  liquor,  and  having  shown  also  the  feasibility  of  separatang* 
it  from  the  leaves  to  which  it  is  attached ;  I  shall  proceed  to- 

*  Nothing  conjectural  would  here  have  been  introduced,  but  with  a  view  to  show,  as 
aoauately  as  possible,  the  proportion  of  lupnlin,  tliat  the  reqnisilfequiiittty  may  be  known 
in  case  it  shoiud  be  substituted  for  Uie  leaves  of  hops  iatemriigt 
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enumerate  some  of  the  most  obvious  benefits  which  would  resi 
from  these  facts  should  they  be  found  applicable  to  practicfj 
use.  .g 

1.  It  would  diminish  the  expenses  of  transportation.  In  thi^ 
the  saving  would  be  enormous.  The  hops  which  are  n( 
brought  to  this  city  are  cultivated  in  the  eastern  states,  and 
the  western  parts  of  this  state,  and  the  expense  of  transportation, 
is  from  one  to  two  cents  a  pound.  This  is  on  account  of  ihtm- 
bulk  rather  than  their  weis;ht.  Were  the  lupulin  separated  from, 
the  leaves,  it  being  but  about  the  sixth  part  in  weight,  and  not 
one-twentieth  in  bulk,  it  might  be  compressed  into  casks,  and 
thus  transported  with  convenience  and  at  a  small  expense.  In 
sho!'t,  the  diflerence  would  not  be  less  than  that  of  sending 
wheat  to  market  before  and  after  threshing.  Might  it  not  also, 
for  the  same  reason,  become  a  profitable  article  of  export? 

2.  It  would  lessen  the  difficulty  and  expense  of  storage.  Not- 
withstanding the  present  mode  of  pressing  hops  into  bags  (which 
is  done  not  less  to  diminish  their  bulk  than  to  preserve  thea: 
virtue)  their  storage  is,  as  it  ever  has  been,  an  important  item  ot 
expense,  as  well  as  a  very  great  burden  to  the  brewer. 

J.  One  object  in  pressing  the  hop  into  bags  is,  to  preserve  it 
from  the  injury  of  the  air,  a  long  exposure  to  which,  it  is  eiiid, 
partially  destroys  its  virtu^.  Whatever  may  be  the  cause,  it  it 
well  known  that  the  value  of  hops  is  diminished  by  age.  Th* 
could  not  result  to  the  lupulin  any  more  than  to  our  imported. 
teas,  were  it  packed  in  casks  which  would  secure  it  perfectly' 
from  the  air. 

4.  The  brewer  would  evade  an  enormous  loss  which  he  now 
sustains  in  the  wort  absorbed  by  the  hops.  Dr.  Shannon,  who 
has  perhaps  devoted  more  time  and  talent  to  the  subject  of 
brewing  than  any  other  English  author,  has  demonstrated,  by  » 
series  of  experiments,  that  one  barrel  of  wort  is  absorbed  br 
every  60  pounds  of  hops  in  the  ordinary  process  of  brewing.' 
The  quantity  of  beer  manufactured  annually  in  London  is 
upwards  of  1,500,000  barre]s,t  and  the  least  quantity  of  hops 
used  in  making  it  is  two  and  a  half  pounds  to  the  baixel,  0* 
3,750,000  pounds ;  now  as  a  barrel  of  wort  contains  not  lotfr 
than  three  bushels  of  malt,  it  follows  that  the  quantity  of  mUd 
thus  iinnually  lost  by  absorption  is  187 ,600  bushels — the  price  «■ 
which  may  be  fairly  estimated  at  as  many  dollars.  , 

6.  It  will  lessen  the  temptation  to  the  fraudulent  practice 
which  now  prevails  of  adulterating  beer  with  other  vegetablfl 
bitters.  Notwithstanding  the  prohibitionsof  parliament  there  ilt 
no  article  which  is  the  subject  of  such  varied  and  extensiW 
fraud  in  England  at  the  present  day  as  that  of  beer.  As  a  suIk 
stitute  for  the  hop, J;  the  cocculus  indicus,  quassia  and  wormwooA 

•  Vide,  Dr.  Shannon's  TrealisE  on  Brewing. 

+  Edinburgh  Encyclopedia,  vol.  ii.  ■; 

}  Aceum'i  Trealise  on  the  -Vdulleration  ofFood.  Also,  Edinburgh  flericw,  Ko.  Or 
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iave  all  in  turn  been  used  ;  but  all  of  them  are  so  far  inferior, 
both  in  their  flavour  and  in  their  antiseptic  or  preservative  pro- 
perties, that  the  use  of  all  vegetables  m  the  manufacturing  of 
Deer,  excepting  malt  and  hops,  is  by  law  forbidden.  By  the 
improvement  which  is  now  proposed,  so  great  would  be  the 
diminution  in  the  price  of  the  nop,  from  its  being  made  an 
article  of  easv  and  cheap  transportation,  that  there  would  be  little 
inducement  for  using  any  other  article  in  its  stead. 

6.  The  lupulin  is  exceedingly  bitter,  but  not  unpleasant, 
whereas  the  nauseous  extractive  matter  of  the  leaves  which,  hy 
boiling,  is  imparted  to  the  beer,  is  unpleasant  to  the  taste,  ana, 
when  highly  concentrated,  is  freqXiently  ungrateful  to  the  sto- 
mach. It  is  believed  that  few  persons  ever  relished  the  peculiar 
bitter  of  the  strong  beer,  until,  by  drinking  it  habitually,  their 
taste  becomes  vitiated,  as  is  the  case  in  the  use  of  opium  and 
tobacco.  Soon  after  hops  were  introduced  into  use  in  brew- 
ing in  England,  the  citizens  of  London  petitioned  parliament  to 
forbid  their  use  in  the  kingdom,  as  they  were  a  nuisance, 
"  and  spoiled  the  taste  of  their  drink,^^  The  leaves  then  are  not 
only  useless,  but  prejudicial  to  the  flavour  of  beer. 

On  the  virtues  of  this  substance  as  a  medicine,  I  shall  at  pre- 
sent be  very  brief,  as  it  will  probably  be  made  a  subject  for 
future  consideration.     It  has  already  been  observed  that  the  hop 
has  long  been  regarded  as  a  medicine  of  some  value.    In  France 
it  has  been  used  as  a  tonic,  and  prescribed  in  dyspepsia  and 
scrofula.     In  this  country  it  has  been  most  valued  for  its  narco- 
tic powers,  and  used  in  cases  w^hen  opium  was  inadmissible. 
The  most  common  preparation  is  a  saturated  tincture  of  the 
leaves.     To  this  there  are  two  important  objections  :  1.  To  give 
enough  of  the  tincture  of  the  leaves  to  induce  sleep,  the  quantity 
of  alcohol  is  necessarily  so  great  as  sometimes  to  do  injury  to 
the  patient.    2.  When  given  in  large  doses,  it  frequently  produces 
nausea,  and  sometimes  vomiting.     The  first  of  these  objections 
requires  no  proof;  the  second  is  confirmfed  by  my  own  observa- 
tion, and  by  the  experiments  of  Dr.  Bryorley,  in  his  inaugural 
dissertation  on  the  hop.     This  last  effect  is  probably  owing  to  the 
extractive  matter  in  the  leaves,  for  I  have  never  seen  it  produced 
by  the  lupulin.     I  have  prescribed  the  powder  in  substance,  the 
infusion,  decoction,  alcoholic  tincture,  and  the  extract.     As  its 
aromatic  and  bitter  properties  are  imparted  to  water,  the  infusion 
is  an  eligible  preparation  as  a  tonic  and  stomachic  ;  but  if  given 
with  a  desire  to  produce  sleep,  the  tincture  is  the  best  prepara- 
tion.    As  it  has  been  demonstrated,  both  by  positive  and  nega- 
tive testimony,  that  the  narcotic  principle  exists  in  the  resin  only, 
the  tincture  should  always  be  made  with  alcohol  and  not  with 
proof  spirit.     It  is  more  difficult  and  expensive  to  prepare  the 
extract  than  the  tincture,  and  the  latter,  in  most  instances,  is  the 
most  eligible  preparation. 

Its  virtues  are  aromatic,   tonic,  and   narcotic ;  and  it  is,   I 
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believe,  the  only  article  in  which  these  properties  are  combined, 
Our  country  abounds  with  vegetable  bitters  and  tonics,  many  of 
vliich  are  more  powerftil  than  the  hop,  but  there  is,  perhaps, 
none  which  can  so  propti'ly  be  denominated  a  stomachic.  Timt 
^mily  of  symptomatic  diseases  which  are  the  consequence  of 
exhausted  excitability,  or  more  directly  of  an  enfeebled  and 
deranged  Btate  of  the  stofnach  and  bowels,  are  certainly  much 
relieTed  by  this  medicine.  It  frequently  induces  sleep,  and  quieta 
great  nervous  irritation,  without  causing  costiveness,  or  impair- 
ing, hlte  opium,  the  tone  of  the  stomach,  and  thereby  increasing 
the  primary  disease.  As  an  anodyne,  it  will  be  found  inefficient 
compared  with  opinni.  The  saturated  alcoholic  tfncture,  in 
doses  of  from  40  to  80  drops,  will  induce  sleep  with  as  much 
certainty  as  opium  in  cases  of  long  watching  from  nervous  irrita- 
bility ;  but  the  same  cannot  be  said  of  its  efficacy  in  reliewog 
pain.  This  substance  then  is  not  commended  as  a  medicine 
which  ought  to  supersede  the  use  of  others  of  acknowledged 
virtue,  but  as  a  useful  auxihary,  which  undoubtedly  possesses 
properties  in  some  respect  peculiar  to  itself,  and  as  the  part  of 
the  hop  altogether  preferable  to  any  other,  or  to  the  whole  as  it 
is  ordinarily  used  in  tincture. 


On  various  Mixtures  of  Oxi/mitriate  of  Potass  for  dischar^ng 
Ordnance. 

(To  the  Editor  of  the  Annah  of  Philosophy.) 

SIR,  Prf.  so,  lasi. 

OssERViNG,  in  the  last  number  of  the  Annals  of  Philosophy 
some  experiments  on  various  mixtures  of  oxymuriate  of  potaSB 
for  discharging  ordn^ice  according  to  Mr.  Forsytii's  plan,  1  take 
this  opportunity  to  suggest  a  mixture  of  Howard's  fulminatii^ 
mercury,  sulphur,  and  charcoal^  separately  reduced  to  powde^ 
and  afterwards  intimately  mixed.  Several  experiments  on 
Tiu'ious  mixtures  of  these  three  ingredients  were  made  in  Paris  ft 
short  time  since ;  but  as  they  were  conducted  with  great  secrecyj 
I  was  unable  to  ascertain  the  use  to  which  they  were  destined. 
I  have  seen  some  granulated  after  the  manner  of  gunpowder, 
and  some  madf  perfectly  splierical,  in  which  latter  form  it 
appeared  moat  energetic. 

If  this  composition  is  not  generally  known,  you  will,  perhaps, 
think  it  worthy  a  place  in  the  Aimals.     I  remain,  yours,  Scc. 

T.  N.  R.  M. 

P.  S.  The  proportions  of  the  ingredients  best  adapted  to  the 
above  purpose  might  easily  be  ascertained  by  a  few  experiments. 
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Article  VI. 

Astronomical  and  Meteorological  Observations. 
By  CoL  Beaufoy,  FRS. 

Bushey  Heath,  near  Stanmore. 

Latitude  5lo  37'  44'S"  North.    Longitude  West  in  time  1'  20*93''. 


Astronomical  Observations,  Feb.  6,  1821* 

iHatbn  of  8x  by  the  moon. .  j  ^^^^  ^^  ^'  ^'.i}"  \  Mean  -Rme  at  Bttthejr. 

[hese  observations  were  made  under  very  favourable  circum* 
aces,  and  the  light  of  the  star  at  the  instant  of  immersion  was 
me^ht  as  when  it  was  several  minutes  distant  from  the  moonV 

Lain^  between  noon  the  1st  of  January  and  noon  the  1st  of 
ffuary,  2*115  inches.  Evaporation,  during  the  same  period^ 
JO  inch.  Mean  heat  of  January,  37°.  Thermometer,  lowest, 
.4th,  =  21°.     Highest,  Jan.  18th,  =  49^°. 


Article  VIL 

On  the  Going  of  a  Clock  with  a  Wooden  Pendulum. 

By  Col.  Beaufoy,  FRS. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

DEAR  SIR,  Bushey  Heathy  Stanmore^  Feb.  7, 18«1. 

!«  the  Annals  of  Philosophy  for  February,  1820,  was  pub- 
id  the  going  of  a  clock  with  a  wooden  pendulum,  and  also  a 
jfiption  of  its  construction ;,  but  as  it  may  be  more  satisfac- 
to  have  the  account  of  the  rate  for  a  longer  period  than 
uonths,  I  have  the  pleasure  to  send  a  table  of  the  clock's 

g;,  during  a  second  year,  and  the  result  corroborates  the 
rable  impression  I  then  entertained  of  its  accuracy. 
I  remain,  dear  Sir,  your  obliged  servant, 

Mark  Beaufoyv 


Col,  Beaufoy  on  a  Clod:  with  a  Wooden  Pemluitim.     [March 
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Mr.  Deuchar's  Remarks 


Article  IX. 


Remarks  regarding  the  Experiments  upon  Flame,  performed  viilh 
ithe  Apparatus  for  discharging  Orduance  without  the  Use  of  s 
■  Light  or  Mafck-Lock.    By  Mr.  John  Deuchar,  Lecturer  on 

1  Chemistry  iii  Ediuburgh. 


(To  the  Editor  of  the  Amia/s  of  Philosophy,) 


i 

^^^B  SIR,  21,  LotliUiii-itred,  Edinburgh,  Feb.  10,  Itltl. 

^^^P"At  a  meeting  of  the  Wernerian  Natural  History  Sociely, 
^^^T^ich  was  held  to  day,  I  read  the  continuation  of  my  accoontof 
the  experiments  performed  with  the  apparatus  for  dischargiog 
ordnance,  a  description  of  which  was  given  in  the  last  number  of 
the  Annah.  In  this  paper  1  have  entered  upon  the  cause  of  tie 
reeults  which  present  themselves.  I  have  endeavoured  to  show 
by  experiments  that  it  is  not  in  the  slightest  degree  electrical, 
bat  that  it  may,  with  more  propriety,  be  ascribed  to  free  caloric 
in  a  scuiar  insulated  or  condensed  state.  I  have  not  yet  tried  the 
wfacJe  of  the  experiments  I  had  chalked  out  to  myself;  for  the 
proof  of  this,  so  far,  however,  as  I  have  gone,  they  veriJy  the 
aanclusion.  I  have  also  noticed  more  fully  the  nature  of  the 
flame  while  in  rapid  motion,  and  the  alterations  of  its  effect 
upon  substances  by  retarding  that  movement ;  when  its  force  is 
not  retarded,  it  passes  through  many  inflammables  wiAont 
affecting  them  in  the  least ;  but  when  its  velocity  is  so  far  stop- 
ped as  to  bring  it  for  a  longer  time  in  contact  with  the  substance 
to  be  acted  upon,  then  it  begins  to  display,  in  a  greater  or  less 
d^ree,  the  usual  effects  of  caloric. 

As  you  will  find  the  minute  details  of  these  experiments  in  the 
third  volume  of  the  Transactions  of  the  Wernerian  Natural  His* 
tcay  Society,  to  be  pubUshed  in  a  few  days,  I  should  not  have 
troubled  you  with  any  observations  at  present,  had  it  not  been 
that  from  what  was  mentioned  at  p.  93  of  the  present  volume  of 
the  Annah,  regarding  the  experiments  with  wire  gauze,  it  might 
appear  that  the  gunpowder  could  not  be  fired  through  the  wire 
p;auzeufied  in  Sir  H.  Davy's  safety  lamp,  without  the  wire  being 
mjured.  I  have  since  found  that  the  wire  gauze  I  bou^t  of  the 
manufacturer,  and  which  he  assured  me  was  the  same  as  that 
used  in  the  safety  lamp,  was  by  far  too  line,  and  that  it  was  oa 
ibis  account  the  flame  sometimes  forced  away  a  part  of  it.  The 
following  experiments,  which  I  extract  from  the  paper  above 
alluded  to,  will  remove  any  misconception  that  may  have  arisen 
■  on  this  part  of  the  investigation.  The  wire  gauze  I  used  was 
made  of  brass  ;  an  inch  of  the  finest  kind  contained  70  meshea 
in  the  length,  being  4,900  in  the  square ;  and  the  coarsest  kind 
K>&tained  36  in  the  length,  being  1,296  meshes  in  the  square 
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inch.  Now  upon  examining  two  of  the  lamps  recommended  by- 
Sir  H.  Davy,  the  one  with  copper  gauze,  and  the  other  with  iron 
gauze,  1  found  the  former  had  only  676  meshes  in  the  square 
inch,  and  the  latter  784  meshes  in  the  same  space. 

Experiment  13. — A  tube  which  could  be  separated  into  six 
pieces  of  nearly  the  same  length,  was  screwed  to  the  apparatus 
(Plate  III,  p.  89),  making  the  distance  from  the  top,  A,  to  the 
tottom  fully  23  inches.  A  piece  of  the  coarser  wire,  gauze, 
already  described,  was  put  upon  the  hole  at  the  joining,  a,  when 
the  fulminating  powder  was  exploded  at  A,  the  flame  passed 
through  the  gauze,  and  appeared  at  the  bottom  of  the  tube.  The 
same  Kind  of  wire  gauze  was  next  placed  at  a  and  b  at  the  same 
time,  and  then  at  «,  b,  and  c,  and  the  flame  passed  through  all 
the  pieces.  This  effect  was  also  obtained  when  similar  pieces  of 
wire  gauze  were  put  at  all  the  five  joinings  of  the  tube  at  once. 
In  this  last  result,  the  first  piece  of  wire  gauze  was  4^  inches 
from  the  top,  A  ;  the  second,  8-i-;  the  third,  12  ;  the  fourth,  16; 
and  the  fifth,  20  ;  and  the  flame  appeared  at  the  bottom,  after  a 
passage  of  nearly  23^  inches,  through  five  pieces  of  the  wire 
gauze. 

Experiment  14. — As  I  could  not  get  the  flame  to  pass  through 
the  whole  of  the  tube,  when  I  increased  the  joinings  beyond  234- 
inches,  it  was  impossible  to  try  an  additional  number  of  pieces 
of  wire  gauze,  by  adding  them  in  the  same  way.  I,  therefore, 
increased  the  number  by  putting  more  than  one  at  the  same 
joining.  I  found,  upon  repeated  trials  in  this  way,  using  the 
tttbe  15  inches  long  (as  represented  on  the  plate,  p.  89,  fig.  1), 
khat  the  flame  could  pass  through  three,  six,  nine,  and  twelve 
pieces  at  once  :  there  being  placed  one,  two,  three,  and  four 
peces  at  each  of  the  joinings,  a,  b,  andc. 

Experiment  15. — Although,  by  the  two  last  experiments,  it  was 
proved  that  the  flame  could  pass  through  the  coarser  wire  gauze 
when  increased  even  to  12  pieces  at  once,  yet  it  did  not  follow 
that  it  was  not  thereby  altered  somewhat  in  its  nature  A  pro- 
bable change  was,  that  it  might  become  inert  with  regard  to 
inflammables,  as  takes  place  in  the  different  safety  lamps,  ajid 
particularly  that  of  Sir  H.  Davy.  Several  experiments  were 
tried  to  ascertain  if  this  suggestion  were  correct ;  first,  the  wire 
gauze  was  put  at  a  ;  then  at  a  and  b  ;  and  lastly,  at  a,  b,  and  c  ; 
placing  at  the  same  time,  during  each  trial,  a  quantity  of  gun- 
powder in  a  piece  of  flannel  at  the  bottom  of  the  tube  ;  and  in  all 
of  these  I  found  the  gunpowder  to  be  inflamed,  and  the  wire 
gauze  not  to  be  in  the  least  injured. 

Experiment  16. — I  next  tried  the  result  of  firing  the  fulminat* 
ing  powder,  with  the  finest  wire  gauze  placed  first  at  a,  then  at 
a  and  b,  and  then  at  a,  &,  and  c,  and  found  that  the  flame  still 
appeared  at  the  bottom,  B ;  showing  that  the  gauze,  although 
much  finer  than  that  used  in  Sir  H.  Davy's  safety  lamp,  was  not 
impervious  to  this  flame.    In  some  of  the  experiments  I  found  a 
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hole  to  have  been  made  in  the  centre  of  the  wire  gauze,  and 
sometimes  the  pardUel  wires  were  forced  wider.  This  was  veiy 
often  the  case  when  a  piece  of  wire  gauze  was  put  at  all  the  join- 
ings, a,  b,  and  c,  and  then  it  was  the  gauze  at  a  which  was  tore 
or  otherwise  injured. 

Experiment  17. — In  order  to  ascertain  if  theflame  stiU  remained 
unaltered,  notwithstanding  its  having;  passed  through  the  finest 
wire  gauze,  a  quantity  of  gunpowder  m  flannel  was  affixed  to  the 
bottom  of  the  apparatus  ;  and  it  was  inflamed  through  one,  two, 
and  even  three  pieces  of  the  gauze.  Here  the  same  occasional 
appearance,  noticed  in  the  last  experiment,  occurred  with  regard 
to  the  upper  piece  of  wire  gauze. 

I  am,  yours  respectfully, 

John  Deuchar. 


I 


On  a  Machine  lo  measure  a  Ship's  Way  by  the  Log  Line. 
By  Mr.  J.  Newman 

(To  the  Editor  of  the  Aiiiiak  of  Philosophy.) 


DEAR  SIR, 

I  uHSKRVB  in  the  last  number  of  the  Annah  of  Philosophy  x 
paper  referring  to  the  account  I  have  given  of  a  machine  to 
measure  a  ship's  way  by  the  log  line,  in  which  a  prior  claim  to 
mine  is  set  up  for  the  invention.  This  I  conclude  to  arise  from 
the  circumstance  of  my  not  having  mentioned  the  date  of  the 
instruments  I  made  ;  and  from  it  your  correspondent  supposei 
that  the  date  of  the  publication  of  the  paper  is  that  of  the. 
invention. 

Itis  now  at  least  40  years  ago  since  I  invented  and  made  the 
first  instrument  in  question.  Capt.  Hubbard,  then  of  the  East 
India  service,  had  the  first  of  them,  and  between  the  years  178S 
and  1798  they  were  publicly  sold  by  Messrs.  P.  and  J.  Dollon^' 
and  Mr.  George  Adams,  with  their  names  on  them ;  but  mf 
account  book  of  that  time  is  destroyed.  My  present  account' 
book  begins  in  1794,  and  I  find  that  Messrs.  Dollonds  had  ow 
of  the  instruments  on  Sept,  4,  1797  ;  and  another  on  the  27th  of 
the  same  month.  These  dates  can  no  doubt  be  easily  verifietli 
by  reference  to  their  books.  1  made  several,  perhaps  16  or  Hy 
between  the  dates  I  have  mentioned,  but  my  attention  beings 
called  to  other  things,  I  did  not  pursue  the  subject  with  aiPf' 
degree  of  earnestness.  I  remember  that  Capt.  Clayton  had  o^ 
of  the  first  that  I  made  in  the  year  1785,  and  he  recommended 
me  to  lake  it  to  Sir  Charles  Middleton,  at  the  Navy  Office^, 
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)merset  House,  who  spoke  well  of  it,  and  advised  me  to  take 
to  the  Admiralty  ;  but  I  did  not  parsue  the  matter  further, 
Aa  the  only  question  is  merely  as  lo  the  date  of  the  jn  mention, 
id  not  to  any  imaginary  superiority  in  princij^e,  I  need  not 
rect  attention  to  the  supposed  advantage  of  either  one  or  the 
lier  instruments.  I  am,  dear  Sir, 

Very  respectfully  youre,  &c. 

J.  Newman. 


hi  the  comparative  Advanlnses  ofitliimiiialiiig  bif  Gas  produced 
from  Oiiand/rom  Coal.     By  M.  Ricardo,  Esq. 

(To  the  Editor  of  the  Auiiah  of  Philosophy.) 
DEAR  SIR, 
The  utility  of  employing  gas  for  the  purpose  of  illumination 
DO  longer  a  subject  of  doubt,  but  from  what  substance  it  is 
ost  advantageously  obtained,  whether  by  decomposing  oil  or 
kI,  is  not  yet  decided  by  men  of  science.     I  have,  therefore, 
!en  induced  to  enter  into  an  examination  of  the  comparative 
ivantages  of  the  two  in  order  to  draw  the  attention  of  those 
ho  are  engaged  in  the  formation  of  gas  hght  establishments  to 
e  subject,  and  to  enable  them  to  aiTive  at  a  tolerably  correct 
linion,  which  it  would  be  most  advisable  to  adopt. 
it  is  my  intention  to  consider 

1.  The  qualities  of  the  two  gases  forproducing  light. 

2.  The  comparative  facilities  with  which  an  estabhshment  for 
e  production  of  either  may  be  carried  on. 

3.  The  capital  required  for  such  establishments. 

4.  The  comparative  cost  of  the  two  gases. 

6.  Which  is  most  desirable  in  a  national  point  of  view. 
The  gaH  produced  from  oil  is  much  purer,  and  contains  a  much 
sater  illuminating  power  than  that  from  coal.  The  quantity  of 
ht  produced  from  a  given  portion  of  oil  gas  is  stated  by  an 
linent  chemist  to  be  equal  to  three  times  the  quantity  pro- 
ced  from  coal  gas :  from  the  result  of  my  own  experiments,  it 
equal  to  four  times  ;  for  I  have  found  that  mn  Avgand  burner 
'ing  a  light  equal  to  six  candles,  six  to  the  pound,  consumed 
e  cubical  foot  in  the  hour.  Mr.  Accum,  in  his  work  on  Ga 
fhts,  p.  276,  states  that  an  Argaad  burner  of  coal  gas  giving 
ight  equal  to  three  candles,  eight  to  the  pound,  consumes  two 
tucal  feet  per  hour.  Tlien  as  one  foot  of  oil  gas  is  equal  to 
;  candles,  and  two  feet  of  coal  gas  are  required  to  equal  three 
adies,  it  follows,  if  the  candles  were  even  of  the  same  size,  that 
e  volume  of  oil  gas  is  equal  to  four  of  coal  in  illuminating 
New  Series,  vol.  i,  o 
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power.  If  we  Lake  Uie  meao  of  these  statements,  it  will  be  41 
one  to  three  and  a  half;  tiiat  is,  20  cube  feet  of  oil  gas  will  giDB 
as  much  li^ht  us  70  of  coal  gas. 

Oil  gas  requires  no  puritication ;  it  contains  no  sulphuretMd 
Jiydrogeu  which  is  one  of  the  admixtures  of  coal  gas,  andoftlw 
all  the  purification  to  whii'h  it  is  submitted  cannot  who^ 
deprive  it;  the  coal  gas,  therefore,  acts  upon  all  metallic  su£> 
stances,  and  in  the  course  of  time  must  seriously  injure  the 
pipes  through  which  it  passeij,  and  its  accidental  escape  in  shopt 
and  houses  must  prove  highly  detrimental  to  all  ornameDlal 
gildings,  paintings,  or  any  thing  of  which  metals  form  a  put 
This  cannot  happen  wheie  oil  gas  is  used  ;  for  it  contains  no 
Bulphuretteil  hydrogen,  and  it  is  well  known  to  have  no  action  aa 
.metals  whatever.  It  may  be  said,  that  the  mode  adopud  bf 
purifying  coal  gas  eSectually  deprives  it  of  this  noxious  gas;  but 
experience  has  proved  that  this  is  not  the  fact,  as  in  many  placet 
the  smaller  copper  pipes  show  evident  marks  oi  being  strongly 
acted  ujjon,  the  bore  being  gradually  tilled  up  with  sulphuretw 
copper.  As  this  process  takes  place  slowly,  the  diminution  t^ 
dtght  is  not  inunediately  perceptible,  but  it  will  become  very 
evident  aller  a  time ;  and  it  may  be  expected  that  after  thelapie 
of  a  still  longer  period,  the  same  evil  may  arise  in  the  lai^ 
pipes,  as  iron  is  also  liable  to  the  same  currosive  influence  MB- 
lis  contact  with  this  gas.    The  admixture  of  sulphuretted  hydsft* 

feu  with  coal  gas  luust  prevent  its  general  introduction  iMP 
ouses.us  the  sulji^urous  acid  gas,  which  is  given  outduringik 
ComhustioQ,  would  prove  very  annoying  in  a  confined  ruoo^ 
besides  whicli,  from  the  consumption  of  so  much  larger  a  porli«i 
of  coal  than  oil  gas  to  produce  the  same  light,  a  greater  quajiti^ 
of  moisture  is  generated,  and  much  more  .heat  is  given  out. 

From  the  above  statement,  it  is  very  evident  that  the  emaUv 
bulk  and  greater  purity  of  oil  gas  will  allow  of  its  employmentJt 
dwelling  houses  without  its  producing  the  least  inconveaietiot. 
If  the  pipes  are  wellfitt»'dtogelhcr  and  properly  proved  before  As 
gas  is  admiited  into  them,  no  annoyance  whatsoever  need  be 
apprehended  ;  and  if  a  cock  should  be  nccidentailv  lefl  opnu 
and  the  gas  allowed  to  escape,  it  may  be  immediately  remeditf- 
without  lea\ing  so  unpleasant  a  smell  as  that  arising  fromtfet 
similar  escape  of  coal  gas. 

When  any  new  improvement  is  introduced,  we  are  too  aptit' 
place  any  possible  inoonvenience  that  may  result  from  itinM 
exagg«;rated  point  of  view,  and  wholly  tc  overlook  those  we«V 
labouring  under,  asud  whicb  it  is  intended  to  supercede.  ThV: 
the  only  possible  inconvenience  that  can  result  from  the  vse^ai-' 
gas  is  that  which  1  have  before  cuentioned,  an  accidental  smell  fiw* 
carelessness,  instantly  detected,  and  as  instantly  remedied— «B 
inconvenience  to  which  we  are  equally  liable  in  om' present >ui ode 
of  hghtiug,  in  addition  to  which  there  is  the  trouble  of  tiimming 
JIk  lamps,  ihe  cdtanoe  of  spilling  the  oil,  not  n  very  unfreque^ 
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JlKenrrence,  and  many  other.disaftters  both  in  the  use  of  od 
«Bd  candles^  from  all  of  which  gas  is  exempted;  and  when  the 

Ejudice  arising  from  the  use  of  coal  gas  is  once  removed ,  and 
I-  greater  advantages  of  oil  gas  generally  known,  there  is  no 
^oubt  its  great  convenience,  superior  brilliancy,  and  cheapness, 
mil  cause  it  to  supersede  all  other  modes  of  Ughting,  and  before 
long,  its  universal  introduction  into  dwelling  houses  may  be  con 
lUently  relied  upon. 

The  second  point  for  consideration  is  the  comparative  facility 
ifrith  which  a  coal  or  oil  gas  estabUshment  may  be  carried  on. 
The  process  for  producing  gas  from  oil  is  very  simple.  The  appa^ 
latus  is  easily  managed,  and  consists  of  an  iron  retort  heated 
over  a  fire  :  a  very  few  days'  experience  will  teach  a  common 
working  man  how  to  regulate  the  heat.  This  retort  is  connected 
Jby  a  tube  with  the  oil  cistern,  from  which  a  small  drop  of  oil 
passes  into  it.  The  quantity  is  regulated  by  a  graduated  cock; 
there  it  is  decomposed  and  converted  into  gas.  This  passes 
through  another  tube  at  the  other  extremity  of  the  retort  into  n 
condensing  vessel,  where,  by  a  simple  contrivance,  the  oil  that  is 
•tmly  volatilized  returns  back  into  the  oil  cistern ;  the  gas  is  then 
^eonveyed  into  a  wash  vessel,  where  it  passes  through  water  to 
deposit  any  oil,  or  other  condensible  vapour,  that  may  have  come 
-over  with  it,  and  from  thence  it  is  conducted  into  the  gasometer 
hr  use. 

■Coal  gas  is  produced  by  putting  a  certain  quantity  of  coal  in 
«n  iron  retort  placed  over  a  fire.  The  coal  is  decomposed ;  the 
gfts  passes  over  into  a  large^  vessel,  where  it  deposits  its  tar  and 
Ammoniacal  liquor ;  it  is  then  conveyed  through  a  mixture  of 
lime  and  water  to  deprive  it  of  tlie  sulphuretted  hydrojen  which 
is  mixed  with  it,  a  most  troublesome  and  offensive  operation : 
after  this,  it  is  passed  through  water,  where  it  is  more  effectually 
washed,  and  from  thence  it  is  transmitted  into  the  gasometer. 
These  are  the  processes  required  for  producing  the  oil  and  coal 
ms  ;  but  i¥e  shall  better  understand  the  trouble  attendant  on  the 
^tter  by  a  comparati've  view  of  two  establishments  for  a  thousand 
fights  each,  one  for  oil,  and  the  other  for  coal  gas,  estch  light 
consuming  annually,  upon  an  average,  2000  cube  feet  of  oil  gas, 
and  70l>0  cube  feet  of  coal  gas.  The  whole  annual  consmnqption 
af  the  one  would  be  2,000,000,  of  the  other  7,000,000  cube  feet. 
The  quantity  of  light  required  in  winter  is  of  course  much  greater 
tkaoi  in  summer,  and  either  establishment  must  be  made  upon  a 
«cale  to  meet  the  demand  that  may  be  necessary  on  the  shortest 
days.  The  fortnight  before  and  after  Christmas,  or  about  that 
-ttrae,  moLy  be  taken  as  the  month  of  the  greatest  consumption  ; 
and  we  may  assume  that  during  this  month,  nearly  one-fourth  of 
Ike  whole  quantity  would  be  required.  1  may  mistake  in  this 
Mtimate,  but  it  can  be  of  no  consequence,  as  it  will  equally  apply 
to  both  establishments.  The  average  quantity  of  oil  gas  required 
would  be,  during  thai  time,  Aomewhat  above  16,000  cube  feet 
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per  night,  and  56,000  of  coal  gas.  To  produce  that  quantity  of 
■the  former,  eight  or  10  retorts  would  be  sufficient,  each  retort 
-six  feet  long,  and  six  inches  diameter.  One  of  this  dimensioa 
would,  if  necessary,  produce  SOl'O  feet  per  day,  but  it  ia  found 
more  advisable  not  to  work  them  to  tbeir  full  extent,  and  always 
to  have  some  in  reserve.  One  gasometer  containing  12,000  cub» 
feet,  or  two  of  6000  each,  would  be  required.  The  oil  cisteni^ 
the  condenser,  and  wash  vessel,  are  so  constructed  as  to  occupf 
hut  veiy  little  space,  the  condenser  being  over  the  cistern,  aoct 
the  wash  vessel  under  it,  the  gasometer  occupying  by  far  the 
largest  portion  of  room.  From  the  repeated  trials  in  various  oil 
gas  establishments,  it  has  been  ascertained  that  10  gallons  of  d) 
produce  1000  cube  feet  of  gas,  and  require  one  bushel  of  coali 
for  decomposition :  2,000,UUO  feet  of  oil  gas,  therefore,  would 
require  !2U,000  gallons  of  oil,  weighing  between  78  and  7il  tons, 
-and  74  tons  of  coal ;  so  that  about  163  tons  of  materials  would 
be  annually  wanted  in  tliis  establishment,  all  of  which  would  be 
•consumed,  or  converted  into  gas. 

In  the  coal  gas  works,  40  retorts  at  least  would  be  required.* 
Each  retort  is  six  feet  long,  and  one  foot  in  diameter,  and  would 
be  charged  with  two  bushels  of  coals,  which  quantity  would  _ 
require  eight  hours  for  decomposition.  At  the  end  of  thiatimef 
the  coke  would  be  removed,  and  fresh  coals  put  in.  The  above- 
mentioned  quantity  of  coals  would  give  out  560  cube  feet  of  gai, 
estimating  10,000  cube  feet  for  every  chaldron.  The  utmost 
quantity  of  gas  which  one  retort  could  produce  would  be  1680 
-cube  feet,  working  night  and  day  without  intermission  :  34  is  the 
number  actually  necessary;  but  in  an  establishment  like  thii, 
the  wear  and  tear  would  always  be  requiring  some  to  be 
replaced,  I  have,  therefore,  taken  the  number  at  4U.  The  veesA 
to  receive  the  condensed  tar,  oil,  and  amoioniacal  hquor,  miiit 
be  of  considerable  size,  as  also  those  for  burning  the  gas,  an4 
for  washing  it.  One  gasometer  of  40,000  cubic  feet,  or  two  of 
20,000  each,  would  be  scarcely  sufficient.  To  produce  7,000,000 
cube  feet  of  coal  gas  would  require  700  chaldron  of  coals,  and 
175  for  carbomsation,  weighing  altogether  1,181  tons,  besidO 
50  tons  of  lime  for  purifying.  4 

In  a  coal  gas  establishment  there  will  be  a  conreyanvB 
required  for  12J0  tons  of  materials,  the  greater  part  of  which  art 
returnable  in  bulky  articles,  such  as  coke,  tar,  ammoniacal 
liquor,  for  each  of  which  a  market  must  be  found,  as  the  greatflt 
part  of  our  estimated  profit  in  derivable  from  them  ;  and  of  tlu 
two  latter  articles,  the  product  is  already  so  great  as  very  far  ta 
exceed  any  possible  demand  for  them :  so  that  a  further  conveys 
ance  is  required  for  more  than  three-fourths  of  tte,, above  esti- 
mated materials,  and  large  premises  and  reservoirs  to  contom 
them  till  disposed  of.     Added  to  these,  there  is  produced  a  verf 

■  See  Peckstoa  on  Gob  Lighu. 
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large  quantity  of  hydrosulphuret  of  lime,  which  is  extremely 
oSensive  and  quite  useless.  In  the  oil  gas  establishment,  the 
conveyance  of  153  tons  of  maleriEils  is  all  that  is  required,  the 
whole  of  which  is  consumed,  and  the  entire  profit  derived  from, 
one  product  only,  and  that  the  sole  object  of  manufacture. 

From  the  above  investigation,  it  ia  clear  that  on  this  point 
bIso  the  oil  §as  must  be  infinitely  preferable  as  deriving  its  profit 
from  tlie  consumption  of  materials  ofsmallliulk,  and  the  product 
being  only  one  article  readily  disposed  of.  It  is,  therefore,  I- 
think,  evident,  that  such  an  establishment  must  be  carried  on 
with  much  less  trouble  than  where  the  matenala  are  extremely 
bulky,  and  the  profits  derivable  from  various  articles,  some  of 
whicn  are  disposed  of  with  difficulty,  and  are  together  almost  as 
bulky  as  those  from  which  they  were  originally  produced. 

From  the  foregoing  statements,  it  must  clearly  appear  that  the 
capital  required  for  the  establishment  of  an  oil  gas  work  must  be 
CDuaiderably  less  than  would  be  necessary  for  one  of  coal  gas. 
The  fewer  retorts,  the  smaller  size  of  the  gasometers  and  convey- 
ance pipes,  the  much  greater  simplicity,  and  consequently  cheap- 
ness of  the  apparatus,  together  with  the  very  little  labour 
and  superintendence  required  in  works  even  upon  a  very  large 
scale,  prove  clearly,  and  without  any  further  comment,  that  the 
capital  requisite  in  the  one  will,  as  already  mentioned,  bear  no 
proportion  to  that  necessary  in  the  other.  This  is  an  object  of 
some  consequence  to  those  embarking  in  such  an  undertaking, 
as  the  risk  of  loss  in  case  of  failure  is  comparatively  small,  and 
consequently  less  difficulty  will  be  found  in  forming  an  oil  than 
a  coal  gas  establishment. 

The  next  subject  for  consideration  is  which  is  the  more  eco- 
nomical method?  and  it  may  appear  surprising  to  many  that 
tight  from  oil  gas  can  be  afforded  to  the  consumer  as  cheap  aa 
that  from  coal,  and  at  the  same  time  yield  as  great  or  greater 
profit  to  the  Company  supplying  it.  This  is,  however,  the  case, 
though  we  have  not  such  satisfactory  data  to  go  upon  as  to  make 
it  clearly  demonstrable,  from  being  unable  to  ascertain  what  the 

Erofits  of  the  Coal  Gas  Companies  really  are,  and  which  can  only 
e  assumed  from  the  known  dividends  which  are  made  upon 
their  shares.  The  difficulty  of  calculating  profits  must  always 
be  increased  when  they  are  derivable  from  an  average  of  various 
articles,  for  some  of  which  there  is  a  fluctuating  demand,  and 
which,  from  their  increased  production,  are  likely  to  diminish  in 
value.  From  some  known  data,  it  is  supposed  that  the  coat  of 
coal  gas  to  the  Companies,  reckoning  the  sale  of  coke,  tar.  Sec. 
would  be  about  lOs.  per  1000  cube  feet ;  the  selling  price  is  esti- 
mated at  the  rate  of  15.j.* :  it  may  be  more,  but  is  certainly  not 

'  since  wrilin(;  the  above,  I  have  been  infdrtiied,  on  good  Biithority,  thai  in  sotncof 
the  provincial  cities  and  lawns,  the  Eelling  price  uf  coal  gas  is  esdmated  much  highir 
than  1  Si.  per  I UOO  cube  feet.  This  ii  what  may  be  expcMed,  for  ihould  the  mpolj  ot 
(tnd  gu  become  much  greater,  in  conicijttcnce  of  an  increased  demand  for  it,  without 
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Ifefts  than  that.  This  would  give  them  a  profit  of  50  perceob. 
upon  their  capital.  The  highest  return  (juotecl,  which  is  of  ths 
Bristol  Gas  Works,  is  but  lU  per  cent. ;  and  the  chartered  Coibu 
pany  in  London,  which  posseKses  advantages  superior  to  anjifi 
only  divides  eight  per  cent.  It  is  difficult  to  account  for  thiaQ 
but  on  the  supposition  that  the  making  of  the  gaa  luust  cost 
IJiem  much  more,  or  that  there  must  be  some  mismanagemeiA 
or  considerable  waste.  We  will,  however,  assume  that  it  onW 
dosts  10s.  per  1000  cube  feet. 

Theprotit  and  loss  account  of  an  oil  gas  establishment  mayM 
otiloulated  very  easily.     Ten  gallons  of  oil  will  produce   IC 


eubic  feet:  this  may  be  considered  the  average  quanlity,  adl 
tsken  from  the  result  of  various  trials  where  oil  gas  is  umd,  GRi 
suitable  for  the  purpose  may  be  ■ow  procured  fbr  20/.  per  ixM 


but  as  the  price  of  oil  at  present  is  very  low,  and  mayuot  be 
aidered  a  fair  average,  we  will  take  it  at  '2a/.  per  ton.  of  about  2xi 
per  gallon.  The  cost  then  for  producing  1000  cube  fe«t  of  (A 
gas  will  be  as  follows  : 

jfi     «.    d. 

10  gallons  of  oil  at  2*.  per  gallon 1     0     0 

I  bushel  of  coals 0     1     6 

Labour,  wear  and  tear,  and  contingencies.  . .  0     5     6 

17     0 

At  the  present  price  of  oil,  the  cost  would  be  much  less. 
Should  oil  advance  beyond  the  sum  at  which  I  have  averagedi^ 
it  will  be  of  course  greater;   it  may  also  be  thought  that  I  hava 
underrated  the  e:x:pense3  of  wear  and  tear,  labour,  and  contin* 
gencies  ;  but  the  estimate  is  founded  upon  the  data  afforded  by 
works  upon  a  small  scale,  and  their  expences  generally  excaed. 
those  of  alarger  description.     Further,  to  meet  those  objecttaii% 
I  will  take  the  cost  of  I OUO  cube  feet  at  30s. :  this  is  equivaioaR  I 
ip  3,JJ00  cube  feet  of  coal  gas,  which  at  lOs.  per  1000  will  ceig|l 
3^.  giving  a  balance  in  favour  of  oil  gas  of  bs.  upon  those  pOBtl 
(Kirtionate  quantities.  ^ 

In  enumerating  the  advantages  of  oil  gas  overcoat,  it  may  M 
(e  irrelevant  to  consider  it  in  a  national  point  of  view,  as  a  la^ 
sery  for  our  seamen  :  supposing  in  every  other  respect  the  balanf 
of  advantages  to  be  equal,  this  would  give  the  oil  gas  a  decidt) 
preference.  I  am  aware  that  this  advantage  may  be  purchasai 
too  dearly,  and  that  when  coal  gas  was  first  introduced,  its  greM 
superiority  over  other  modes  of  lighting  made  it  dosireble  tb« 
the  beneht  resulting  from  the  fisheries  should  in  a  degree 
relinquished,  but  now  that  other  circumstances  concar  in  ma&it 

At  adniuatc  increswd  demand  Inrcokti  tat,  jio.  the  piic«  df  the^^  wQtnuwtiilB  daCW  1 
the  loiter  aiiirln  wilt  lull,  add  the  hMB  Biutaincd  Opon  (hose  atticlonniM  be  made  iq>4'~ 
Ac  advanced  price  of  the  gn.     Thu  AicsnTeDitaoe  would  tw-fsk  arDHKh' bjr  dudf 

JtihHiliil  "-nilrnrr- Tf  thr  nr^ 
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ing  the  use  of  oil  preferable,  there  can  be  no  doubt  of  the 
propriety  of  considering  this  as  aii  additional  motive  for  prefer- 
ring oil  gas. 

It  has  b*fen  suggested  by  some  intelligent  gentlemen,  whether^ 
if  the  use  of  oil  gas  should  become  very  general,  the  supply  of 
oil  would  be  adequate  to  the  demand ;  and  whether,  from  the 
iacreased  demand,  the  price  would  not  be  considerably  enhanced. 
When  coal  gaa  was  introduced,  the  demand  for  oil  was  dimt* 
nished  ;  and  the  capital  employed  in  that  trade  was  diverted 
into  other  channels  tor  the  supply  of  the  coal  gas.  It  is  veiy 
dear  tliat  should  oil  gas  become  generally  adopted,  part  of  thiv 
capital  will  again  revert  to  its  former  employment  as  far  as  it 
lupersedeH  coal  gas ;  but  where  it  only  displaces  lamps,  no 
«hange  will  ensue ;  and  where  it  is  substituted  for  candles,  tha 
ne  of  tallow  wilt  be  exchanged  for  that  of  oil. 

After  perusing  the  foregoing  observations  upon  the  compare 
j  li»e  advantages  of  oil  and  coal  gas,  and  which  1  have  endea- 
TOured  fairly  to  state,  I  think  it  will  be  generally  inferred  that 
the  former  is  greatly  preferable  to  the  latter;  that  on  every  point 
ia  which  I  have  examined  them,  it  has  the  advantage ;  that  it  i» 
much  purer  and  belter  adapted  for  everif  purpose  of  lighting; 
that  it  is  piepared  with  much  greater  facility;  that  it  requireB 
much  less  capital  to  establish  works ;  that  it  may  be  produced 
more  economically ;  and  that  it  ie  also  more  advantageous  in  fl 
national  point  of  view, 

1  feel  some  reluctance  in  offering  this  paper  to  you  for  insert 
tion  in  the  Annals  of  Philosophy,  as  the  subject  of  it  cannot  b» 
wnsidered  as  purely  scientific  ;  but  as  the  object  of  science  is 
to  add  to  and  improve  our  comforts  and  enjoyments,  it  may  nOV 
be  wholly  foreign  to  your  object  to  point  out  what  scientific 
improvements  are  most  likelytoeitectthis.  From  the  same  motiwf 
1  Alight  also  be  deterred  from  subscribing  my  name,  but  the  bava 
supposition  that  you,  or  your  readers,  should,  for  a  monwnt,  coa- 
ceive  that  the  writer  of  this  was  influenced  by  interested  motive* 
in  seeking  publicity  to  it,  would  induce  me  to  overcome  every 
f^hng  of  reluctance  on  that  head.  I  trust  my  name  will  be  » 
sufficient  guarantee  that  I  have  no  other  motive  for  publishing 
this  than  that  which  every  one  interested  in  scientific  improvei- 
ments,  and  their  adaptation  to  the  uses  and  comforts  of  societj;', 
must  feel. 

M.  KlCARBW. 
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On   a  pecvUar   Substance    obtnined   during    the  Distillation  a^ 
Nitric  Acid.     By  M.  Julia,  of  Abo. 

I  HAVKobservedduringthedistillation  ofnitricacidfromainix- 
ture  of  crude  nitre  with  calcined  sulphate  of  iron,  that  when  A 
pecuhar  kind  of  the  calcined  vitriol  (known  in  Sweden  under  U>< 
oaiue  of  calcined  aquafortis  vitriol,  No.  3*)  was  used,  the  first 
conducting  tube+  was  Uned  with  a  yellow  substance,  whidk- 
proved  to  be  sulphur;  the  second  lube  became  internally 
covered  with  tine  white  feathery  crystals,  nearly  resembling  thn 
icy  film  foimed  upon  windows  on  a  cold  winter  morning.  Ici^' 
]ectpd  this  substance  by  washing  the  tube  with  water;  the 
quEU\tity  obtained  by  each  diBtillation  was  exceedintrly  small, 
ainomiting  to  only  a  tew  grains.  This  substance  is  white,  conaislc 
of  small  fibres,  which  adhere  to  each  other,  and  it  feels  soft  to  the 
touch  ;  il  sinks  slowly  in  water,  and  is  insoluble  in  it,  whether 
cold  or  boiling,  but  the  vapour  of  boihng  water  carries  up  a  small/ 
portion  of  it. 

It  is  tasteless,  but  has  a  very  peculiar  smell,  which  I  haw 
some  difficulty  in  comparing  with  any  other  substance,  but  it 
somewhat  resembles  that  of  spermaceti.  Muriatic  acid  doesnot 
actuponit;  nor  does  nitric  acid  of  specific  gravity  I45,butthtf 
acid,  after  having  boded  with  it,  showed  some  slight  traces  of 
sulphuric  acid  on  the  addition  of  nitrate  of  barytes.  When 
boiled  in  concentrated  sulphuric  acid,  it  sublimed  through  it 
unchanged. 

A  strong  solution  of  caustic  potash  dissolved  a  very  inconsUr 
derable  portion  of  it,  and  gave  with  acetic  acid  a  triHing  preci[tt- 
tate,  which  was  too  small  to  be  examined,  excepting  as  tot 
colour,  and  from  this  and  a  slight  smell  of  sulphuretted  liydrogent 
gas,  I  judged  it  to  be  sulphur. 

Oil  of  turpentine  dissolves  it  easily,  when  heated.  On  cooK 
jug,  a  great  pait  crystallizes  in  small  needles;  it  also  dissolves. 
easil)r  in  boiling  alcohol  of  0-816.  On  cooling,  the  greateh* 
part  is  deposited  in  crystalline  fibres,  but  a  small  portion  re^*' 
mains  dissolved  ;  for  the  solution,  on  being  poured  into  water^t^ 
renders  it  turbid.  The  alcoholic  solution,  when  distilled  with  fc|  i 
gentle ; heat,  left  the  greatest  part  of  this  substance  in  the  retort, ' 
but  the  distilled  alcohol  still  r«tained  enough  to  render  water  • 
turbid  by  precipitation. 

■  This  vittiol  ciysuIlTZts  in  the  wUer  of  the  mine  of  Fahlnii,  and  eolleeted  from  tbtm  1 
Tock  after  the  walet  has  been  pumped  out,  it  la  impuie,  and  conluns  generBlly  a  mull' "  I 
portion  of  pJTlttB,  'f 

+  The  diitillalioB  it  tarried  an  in  ■□  iron  retort,  with  a  receiver  connected  bj  gl^  ' 
tubct  in  Ac  macDci  of  it  Woulfe'i  apparatua.  ' 
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Held  in  the  flame  of  a .  lamp,  it  burned  with  a  greenish-blue 
flame,  giving  a  slie:ht  smell  of  oxymuriatic  gas ;  and  when 
heated  in  a  glass  tube,  it  melted,  boiled,  and  sublimed  in 
needles,  at  a  |ieat  between  350^  or  400%  and  it  sublimed  slowly 
in  long  needles  without  melting  at  a  heat  of  about  250°. 

Potassium  burned  with  a  vivid  flame  in  its  vapour  in  an  open 
tube;  a  great  quantity  of  carbon  was  deposited,  and  water 
poured  upon  it  gave,  after  saturation  with  nitric  acid,  a  copioua 
precipitate  with  nitrate  of  silver. 

The  small  quantity  which  I  have  as  yet  obtained  of  this  sub-^ 
stance,  and  want  of  leisure,  have  prevented  me  from  making 
more  experiments  upon  it ;  but  I  purpose  doing  it  as  soon  as  the 
one  and  the  other  are  more  at  my  disposal:  till  then,  I  suspend, 
formjng  any  opinion  of  its  composition.  In  some  respects,  it. 
wems  to  resemble  the  perchloride  of  carbon  which  Mr.  Faraday- 
has  lately  succeeded  m  producing,  and  has  so  ingeniously 
examined « 

It  is  rather  strange  that  sulphur  should  sublime  unaltered  in 
the  vapour  of  nitric  acid,  as  1  have  mentioned  to  occur  in  the 
case  of  this  distillation  of  nitric  acid,  but  it  is  really  the  fact^, 
and  may. be  accounted  for  by  want  of  water  for  the  sulphuric 
acid  to  combine  with.* 


Experiments  on  the  above  described  Substance.  Ry  R.  Phillips, 
FRSE.  &c.  and  M.  Faraday,  Chemical  Assistant  at  the  RoycJ 
Institution.  ' 

In  order  to  purify  this  substance,  a  small  quantity  of  it  wa». 
passed  in  a  state  of  vapour  over  hot  lime.  By  this  operation,  a 
little  sulphur,  muriatic  acid,  and  other  impurities,  were  separated.. 
The  pure  substance  obtained  was  dried  over  sulphuric  acid  in  the 
receiver  of  the  air-pump,  and  it  had  then  a  white  crystalline, 
appearance;  by  subjecting  it  to  heat,  it  was  volatilized,  and. 
then  condensed,  in  beautiful  acicular  crystals. 

In  the  substance  thus  purified,  there  remained  no  traces  either 
of  chlorine  or  sulphur,  as  described  by  M.  Julin,  and  it  exhibited  ■, 
the  following  properties  :  It  burned  with  a  strong  bright  flame  ;  . 
at  a,  heat  t>elow  redness,  it  sublimed  without  undergoing  any 
change  ;  when  passed  through  a  red-hot  green  glass  tube,  there 
Hras  a  slight  appearance  of  decomposition,  a  small  quantity  of 
charcoal  being  deposited,  and  the  substance  became  brown,  but 

«  Ob  his  departuxe  for  the  Continent,  M.  Julin-  left  the  above  account,  and  ali»  . 
Mme  of  the  aobetance  which  he  has  described,  in  the  hands  of  the  Editor,  with  pcnnif* 
■OB. to  make  use  of  both  as  he  wished     From  the  circumstance  mentioiied  by  M.  Jjwi 
if  Hi  i4^>earing.to  resemble  the  perchloride  of  carbon,  the  substance  in  questioOr  Mr 
iMNvn  Id  M.  Faraday,  and  with  his  aasistanoe  the  additional  experiments  now  deicribeA.  > 
meauide* 


SIS'  Oil  aptcuihir  Siihitanee  fmmd in  Nitric  Acid.  [Marcr^ 
it  orystallized  and  appeared  to  have  suffered  but  Iitde  change ;  it 
vaa  soluble  in  alcohul  and  eliier,  as  described  by  M.  Julin. 

A  portion  was  repeatedly  sublimed  in  a  small  retort  Hlli'd  with 
dilorine,  which  was  in  several  parts  made  red-hot,  but  even  nS 
this  high  temperature,  itsuftered  no  change  by  the  action  ot'lha 
olllonne,  and  when  left  to  cool,  it  reappeared  in  ite  original  state 
of  small  white  crystals ;  a  miivute  pi^rtion  was  raised  in  va[ionf 
over  mercury,  mixed  with  oxygen  gas,  and  detonated  by  tde 
electric  spark  ;  no  charcoal  was  separated,  and  we  found  that  am 
excess  of  oxygen  had  been  employed.  The  volume  of  residual 
ga»  was  precisely  equal  to  that  of  the  oxygen  employed.  This 
gas,  excepting  a  small  portion  of  pure  oxygen,  was  absorbed  by 
lime  water,  in  which  it  caused  a  white  precipitate,  and  conse- 
qnently  it  appeared  to  be  carbonic  acid  gas.  This  experimeaG 
was  several  tames  repealed  with  similar  results. 

A  small  quantity  of  this  substance  was  passed  in  vapour  o»W 
red-hot  peroxide  of  copper;  a  considerable  portion  was  volati- 
lised without  being  decomposed ;  the  gas  obtained  from  that 
part  which  sufl'ered  decomposition  possessed  the  characters  (rf 
oarfeonic  acid. 

The  very  minute  quantity  of  the  substance  which  remaimid 
prevented  any  further  attemp  to  examine  its  nature;  and  thp 
knowledge  we  have  of  the  mode  and  circumstances  of  its  forma- 
tion has  not  been  suflicient  to  enable  us  to  form  it. 

Although  it  would  be  premature  to  give  a  strong  opinionu 
to  tlie  nature  of  this  substance,  yet  the  striking  peculiarities  it 
presents  with  heat,  chlorine,  and  oxygen,  have  made  us  anxiouc 
to  form  some  idea  of  its  composition.  We  are  acquainted  with  no 
ccnnpound  of  hydrogen  that  would  present  similar  phenomenft 
ifben  heated  in  chlorine  gas,  nor  do  any  of  the  compounds  fli 
cu'bon  exhibit  the  same  results  with  oxygen  gas. 

The  substance  in  question  may  possibly  be  a  compound  af 
carbon  with  oxynen  and  hydrogen,  in  the  proportions  required 
to  form  water,  and  the  circumstance  of  there  being  change  flff 
volume  on  detonation  with  oxygen  gas,  might,  on  ttiis  suppoi^ 
tion,  be  acL-ounted  for;  but  it  is  difficult  to' suppose  that  Bueba 
compound  would  pass  through  a  red-hot  tube,  or  suffer  expostOitf 
t«  a  red  heat  on  chlorine  gas  witho'it  decomposition. 

It  may  be  allowed  us  to  remark,  in  the  uncertainty  which  w» 
finl  respecting  the  nature  of  this  substance,  that  the  appearuiceff 
uriiich  it  presents  would  agree  with  the  idea  of  its  being  a  simptli 
bt>dy :  in  this  case,  it  may  be  either  a  new  form  of  carbon,  of0 
pecuhar  substance  analogous  to  carbon.  We  venture,  however, 
these  ideas  without  putting  any  cootidence  ia  them.  We  eatei^ 
tain  hopes  of  being  able  to  procure  more  of  the  substance,  aaft 
we-shaU  then  examine  its  properties  with  minute  attention,  tat, 
dklennine  the  characters  of  the  pvoduata  which  it  gives  by  detOM 
nation  and  other  modes  of  treatment. 
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Article  XIII. 

Researches  on  the  Cbmposilion  of  the  Prusnate^^  or  Jerrffgwous 
.  liydrocyonates.     By  J.   Berzelias.    (From,  tbe  Annaleft  de 
Cbimie,  voL  xv,  p.  144,  New  Series.)* 

The  discovery  of  cyanogen  and  of  the  composition  of  hydro* 
cyanic  acid,  which  we  owe  to  the  genius  of  M.  Gay-Lussac,  is 
certainly  one  of  the  most  interesting  that  has  been  made  in  our 
time,   particularly  since   this    acid   is  found   on   the  confines 
between  those  combinations  which  have  an  organic  origin,  and 
those  whose  origin  is  purely  inorganic.    The  comparison  of  cya- 
nogen with  those  bodies,  which  become  acids  by  their  combiiia* 
tion  with  hydrogen,  has  simplified  the  theory  of  hydrocyanic  add, 
md  of  the  phenomena  produced  by  its  decomposition ;  but  neverw- 
thelesft,  the  researches  subsequent  to  those  of  M.  Gey-Lussa^r,. 
whose  object  was  to  throw  more  light  on  the  subject,  hapre  by- 
DO  means  been  made  with  sufficient  care,  fully  to  explain  tho^ 
mture  of  the  salts  called  ferruginous  hydrocyanatesy  the  mO0C^ 
iflsportant  of  the  combinations  of  hydrocyanic  acid. 

We  owe  a  multitude  of  important  observations  on  the  nature* 
Gtf  these  salts  to  Mr.  Porrett.  He  found  that  the  hydrocyanates^ 
can.  combine  with  sulphur,  forming  a  partioulanr  acid,  who(s«' 
existence,  and  some  ot  its  properties,  were  known  before ;  buir' 
ia  what  the  difference  between  this  and  hydrocyanic  acid  cot^ 
Msts  was  far  from  bcine  suspected.  Mr.  Porret  was  led,  niore^^ 
Ofier,  to  conclude  from  his  experiment,  that  the  iron  which  enten^ 
into  the  composition  of  the  ferruginous  hydrocyanates,  does  no^ 
dacist  in  them  iathe  state  of  oxide,  but  in  its  metallic  fbrm  comi* 
binedwith  the  carbon,  hydrogen,  and  azote ;  and  that  it  is,  coiv^ 
tteiquently,  one  of  the  elements  of  the  acid  in  which  the  iron, 
jdsya  an  analogous  part  to  that  of  the  sulphar  in  the  preeeding;' 
cosmpounds ;  and,  ttierefbre,  an  idea  of  the  hydrocyanates>  betnjf 
stttea  with  two  bcuaes,  of  which  oxide  of  icon  is  always  one,  w 
ificorrect.  Several  memoiia  have  been  published  on  thi»  s«b|e<st^ 
by  Mr.  Porrett,  in  Thoonson's  Aumilsy  the  principal  results  of 
i^ich  I  shall  detail* 

.  He  at  first  found  ferni;gmDii»*  by^ocyvmate  of  potash  eoiii^ 
pdsedof 

Ferru^nous-  bydvovyaoic  amd  (ferw- 
HBttedehyazic  aci^. .  w. r^. .  47^66 

V- vUkSH"-  ^#-  •'•■»••'««  •v  •-»  ••••  #  r  •••••■■••■•■••  •     ^v  tJTT 


IKe  same  Salty  analyzed  %  Ml  IttDer,.gav«^ 

*  Tnnilated  from  (be  Manoin  ttf  lSt»  AaAemj  of  Sdencet  of  Stockholni,  for  iht 
JMT  1819,  p.  94%. 
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*  Hydrocyanic  acid  11 
Hydrocyaiiate  of  protoxide  of  iron 38 
Potash 39 

Water 12 

Thomson,  who  adopted  Porrett's  idea  of  the  value  of  the  fer- 
ruginous hydrocyanic  acid,  examined  the  composition  of  hydro- 
cyanate  of  potash,  and  obtained  from  it  the  following  results : 


Acid  J-"" -"       45-90* 


/Iron 13-0* 

IGas. 

Potash 41-64 

Water 13-00 


3-0*1 

0-y  /  ■ 


Dr.  Thomsom  states  that  during  the  decomposition  of  this  salt 
by  another  acid,  a  portion  of  the  hydrocyanate  of  iron  is  volati- 
lized with  such  rapidity  that  when  he  poured  nitric  acid  on  the 
pulverized  hydrocyanate,  the  acid  in  the  flask  from  which  he 
poured  it  was  coloured  hlue  by  the  voIaLJIized  prussiate  of  iron. 
Dr.  Thomson  endeavoured  to  analyze  the  acid,  by  burning  the 
salt  with  base  of  potash  in  the  oxide  of  copper  in  a.  tube  of  the 
same  metal.  Five  grair.s  of  the  crystallized  salt  gave  6'205  cubic: 
inches  of  carbonic  acid  gas,  and  '2-42  cubic  inches  of  azote,  with 
2"2  grs.  of  water,  0-65  gr.  of  which  were  derived  from  the  water 
of  crystallization  of  the  salt.  This  experiment  gave  2-i-  volumes 
of  carbonic  acid  gas  for  one  volume  of  azote,  exclusive  of  the 
carbonic  acid  retained  by  tlie  alkali,  of  which  no  account  was 
taken,  nor,  as  lar  as  appears,  any  deduction  made,  for  the  atmo- 
spheric acid  contained  in  the  apparatus  at  the  beginning  of  the 
experiment. 

Dr.  Thomson  concludes  from  it,  that  the  acid  of  these  salts 
contains,  besides  the  iron,  the  same  elements,  and  in  the  same' 
proportion  as  the  hydrocyanic  acid,  because  he  supposes  that 
one  fourth  of  the  volume  of  carbonic  acid  gas,  that  he  found  in 
excess,  might  be  an  error  of  observation,  and  that  the  quantity^ 
of  water,  which  is  four  times  greater  than  the  quantity  admitted 
by  this  supposition,  was  derived  from  the  corks  with  which  the; 
opening  of  tlie  copper  tube  was  closed,  so  that  its  hygrometricall 
water  might  have  mixed  with  the  products  of  the  analysis. 
However  when  Thomson  made  his  calculations  from  the  results, 
and  distilled  the  carbon  and  hydrogen,  which  did  not  coincide^ 
with  the  theory,  the  weight  of  the  iron  did  not  accord  with  the 
chemical  proportions.  "  This,"  he  says,  "  is  the  first  compound 
which  I  have  met  with  that  does  not  seem  reconcileable  to  the 
atomic  theory.  1  invite  chemi&ts  to  the  further  investigation  of 
it.  There  are  no  facts  so  likely  to  lead  to  the  improvement  of 
the  science  of  chemistry  as  those  which  contradict  our  received 

*  So  in  tlw  French. 


L821.]  the  Composition  of  Erumates.  221 

opinions/'  *  to  which  it  appears  to  me  he  should  have  added, 
^'  with  the  exception  of  those  cases  in  which  the  discordance  is 
the  result  of  an  ill-made,  incorrect  experiment/'  whenever  the 
science  derives  a  truly  negative  advantage. 

Mr.  Porrett  also  soon  endeavoured  to  prove  Thomson's  analy- 
sis inaccurate.  He,  on  this  occasion,  analyzed  the  salt  of 
potash  by  a  solution  of  tartaric  acid  in  alcohol,  and  determined 
the  quantity  of  potash  by  the  supeitartrate  of  potash  produced. 
The  following  is  the  result  of  his  analysis : 

Ferruginous  hydrocyanic  acid 50*93 

Potash 35-48 

Water 13 

He  had  found  that  the  ferruginous  prussic  acid  might  be  insu-  ^ 
lated  by  this  operation,  and  that  it  gave  cubic  crystals  by  spon- 
taneous evaporation.  In  an  analysis  of  this  salt  by  oxide  of 
copper,  he  obtained  four  volumes  of  carbonic  acid  gas  for  one  of 
azote ;  whence  he  concluded  that  the  acid  is  composed  of  one 
atom  of  azote,  four  atoms  of  carbon,  one  atom  of  hydrogen,  and 
one  atom  of  iron.  He  attributed  the  deficiency  of  carbonic  acid 
in  Thomson's  results  to  his  having  empl<»yed  too  small  a  propor- 
tion of  oxide  of  copper. 

Lastly,  Mr.  Porrett  published  a  further  memoir  on  this  subject, 
in  which  he  again  corrected  his  former  results  as  follows : 

Ferruginous  hydrocyanic  acid  -|  j  ^    "  12'60  f   ^^'^^ 

Potash 41-68 

Water 13-00 

Repeating  the  experiment  of  burning  the  salt  with  oxide  of 
copper,  he  constantly  obtained  four  volumes  of  carbonic  acid  gas 
for  one  of  azote ;  whence  he  concluded  that  the  acid  is  com- 

Eosed  of  four  atoms  of  carbon,  one  atom  of  azote,  one  atom  of 
ydrogen,  and  half  an  atom  of  iron  ;  but  this  half  atom  of  iron 
not  being  consistent  with  the  atomic  views,  he  conceived  his 
experiments  to  be  sufficiently  exact  and  positive,  to  decide,  con- 
trary to  conclusions  derived  from  less  complicated  and  easier 
experiments  made  directly  on  iron  and  its  oxides,  that  the  weight 
of  the  atom  of  iron  is  not  half  what  it  has  heretofore  been  admit- 
ted to  be,  or  one-fourth  of  that  laid  down  in  my  tables  ;  whence  i 
he  concludes  that  the  protoxide  of  this  metal  is  composed  of  two 
atoms  of  base  and  one*  of  oxygen,  and  the  deutoxide  of  four  of 
base  and  three  of  oxygen. 

M.  Vauquelin  also  made  many  researches  on  the  prussiates; 
and  his  treatise  on  the  subject  is  full  of  interesting  facts ;  but  he 
did  not  employ  himself  in  determining  the  proportions  of  its 
elements,  which  is  the  principal  object  of  the  present  memoir. 
He  found  that  prussian  blue,  contrary  to  what  Gay-Lussac  had 
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jBB6eavoured  to  render  probable,  is  a  prussiate,  and  not  a  cyatub 
aret.  Vauqnebii  thought,  moreover,  that  he  had  discovered  tlitf 
those  bases  capable  of  decomposiDg  water  at  the  common  tem- 
perature of  the  atmosphere  give  hydrocyaiiates,  while  the  otliea 
■give  oaly  cyanurete. 

The  last  work  on  this  subject  that  has  come  to  my  fcr.owledgr 
M.R  note  by  M.  Kobtquet  on  the  compasitioa  of  prusstan  blue- 
In  it  he  contirms  the  results  which  M.  Prouat  had  derived  i'mii 
his  experiments  on  the  pruaaiates,  made  long  since,  and  amoug 
others  this,  that  the  white  prussiate  of  iron  contains  poiash. 
M.  Robiquet  showed  that  this  prussiate  without  potash  may  be 
obtained  in  the  form  of  smalt  crystalline  grains,  of  a  yellow 
colour,  by  exposing  priissiun  blue  for  a  long  time  to  the  action  of 
sulphuretted  hydrogen  gas.  He  considers  prussian  blue  as  a. 
combination  of  cyanuret  of  iron  with  a  prussiate  of  deutoxide  of 
,iro«  and  water ;  and  he  attributes  its  blue  colour  to  water.  He 
asserts  tliat  ferruginous  prussiate  of  potash  burned  by  nicang  af 
oxide  of  copper  always  afforded  him  the  gases  in  the  same  pro- 
portion to  one  another  that  Gay-Lussac  found  them  in  cyanogen; 
and  he  maintains  that  in  this  experiment  the  ba^e  retains  do 
carbonic  acid,  as  Mr.  Porrett  had  noticed. 

Result>i  so  contradictory,  and  conjeclnres  so  little  justified  bf 
experiment,  are  not  very  well  calculated  to  ^ive  us  an  exaut  idea 
of  the  composition  of  these  &alts  ;  and  altliough  the  path  bat 
been  marked  out  by  tbe  labours  of  Gay-Lussac,  we  must  confess, 
in  spite  of  what  has  been  done  with  him,  that  we  ai'e  just  al  the 
same  point  at  which  he  left  the  qiiestion- 

M.  Proust  long  ago  proved  the  ferruginous  prussiates  to  caor 
tain  iron,  and  that  they  must  be  regarded  as  salts  with  di  mble  bases, 
iftf  which  the  protoxide  of  iron  is  always  one,  exactly  as  alumina 
is  always  one  of  the  bases  in  the  diiferent  kinds  of  alum  ;  and  be 
showed  that  prussian  blue  must  be  a  hydrocyanate  in  which  the 
deutoxide  of  iron  represents  the  other  bases  with  ibe  protoxide. 
Mr.  Porrett's  idea  that  the  iron  is  an  element  of  the  acidhw 
always  appeared  to  me  analogous  to  that  of  considering  tlie  pot- 
.ash  in  .cream  of  tartar  as  an  element  of  the  acid  in  pel  de  sing- 
BCtle,  or  tartar  emetic. 

(.To  be  contiHatd,i 


Article  XIV. 

On  the  Comprembililif  of  Water.    By  Mr-  Perkias. 

(To  the  Editor  of  the  J»KHAio/PAiVDiopAj^.) 

8IH,  Feb.  S3,  iseu 

In  the  Annals  of  P/dlasopAy  for  February,  Dr.  Roget  hi»   ; 

discuvered  a  very  material  error  in  my  computation  on  the  firrt  j 

experiment  made  with  the  piezometer  on  tbe  compressibility  of  ] 


Mrfj^r*  Tbe  r^  lerror  was  in  the  data  J>eing  ineonrect  in  Ibe 
pipor  ,reaii  J;>efore  ihfi  Royal  Society.  The  dimensions  trf*  the 
pifizapfteter  should  hav«  been  as  follows : 

The  diameter  of  the  cylinder  .3^  inches,  length  23f  inches, 
tike  plunger  >^  diameter.  The  mistake  originated  by  taking  tibe 
4imen»ion8  .of  a  bathometer  which^  twas  used  at  the  time  ^ 
inqpArkoent  was  made. 

With  much  esteem,  yours  truly, 

Jacob  PcRKifrs^ 
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Tharmacologia,  or  the  History  of  Medicinal  Substances^  witk^ 
View  to  establish  the  Art  of  prescribing  and  of  composing 
extemporaneous  Formula  upon  fixed  and  scientijic  Principles,: 

■'  illustrated  by  Formula^  in  which  the  Intention  of  each  Fdenmnt 
is  designated  by  Key  Letters.  By  John  Ayrton  Paris,  MD. 
FLS.  MRI.&c.&c. 

•  If  Ahis  publication  were  entirely  medical,  it  would  of  course  lie 
Iioproper  to  notice  it  in  a  work  professedly  scientific  ;  but^stt 
jlsvQlves  considerations,  and  to  a  very  considerable  extent,  which 
ibelong  to  the  .science  of  chemistry  and  the  operations  of  phar- 
MAcy^  I  coQcaive  that  some  account  of  it  may  not  be  misplaced 
in  (the  Anuak* 

:  Dr.  Pads  has  prefixed  to  this  work  an  ''  Historical  Introduc- 
tion," giving  an  account  of  the  more  prominent  revolutions  thai 
Jiave  occurred  in  the  reputation  of  medicinal  substances ;  and  in 
Ihe  .execution  of  this  task,  he  has  deviated  from  tbe  beaten  patfa^ 
^tgid  :bas  given  an  air  of  originality  to  a  subject  which  might  be 
Ci^aidered  as  '^  somewhat  musty.*'  This  history  will  be  found, 
io  use  the  aulhor'js  own  words,  '^  an  analytical  inquiry  into  the 
more  reiuarkable  causes  which  have,  in  different 'ages  and  coun- 
tries, operajbed  in  pioducing  the  revolutions  that  characterise -the 
Jkifitory  of  medicinal  substances:"  it  mil  be  im^ssible  to  read 
idtis  introduction  without  fully  assenting  to  an  opmion  expressed 
hy  the  late  Or.  George  Fordyce,  that  whenever  a  «ubstance  was 
good  for  nothing  else,  it  w^as  tried  in  «nedicine.  ^'  The  revdki- 
ftioES  and  vicissitudes,"  says  the  author,  '^  whicli  remedies  have 
siadeFgone  in  medical,  as  well  as  poptikir,  opinion,  from  the  igntK 
fance  of  sodue  ages,  the  learning 'Of  olhers,  the  superstition  of 
i&e  weak,  aixd  the  designs  lof  the  crafty,  afford  an  ample  subject 
iat  philosophical  refiection ;  some  of  these  re^K)lution6  I  shaU 
|tfOC4B6d  to  investigate,  classing  them  under  the  proaemient  cunres 
jrhich  have    pcodiioed    them;    vix.  4Superstition— <!tedtiltty--» 
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Scepticism — False  theory — Devotion  to  authority -and  eqtl^ 
blished  routine — The  assigning  to  art  that  which  was  the  elft* 
of  unassisted  nature — The  assigning  to  peculiar  substancei 
properties  deduced  from  experiments  made  on  inferior  animail 
— Ambiguity  of  nomeuclatiire — The  progress  of  botaiiidM 
science — The  application  and  misapplication  of  chemical  phtl» 
Sophy — The  influence  of  cliniaie  and  seasons  on  diseases, -A 
well  as  on  the  properties  and  operations  of  their  remedies — Th* 
ignorant  preparation  or  fraudulent  adulteration  of  niedicinea^ 
The  unseasonable  collection  of  those  remedies  which  are  rf 
vegetable  origin ;  and  the  obscurity  which  has  attended  th» 
operation  of  compound  medicines."  Now  to  this  truly  formidaUs 
list  of  mischief-producing  causes,  I  think  the  author  might  Lai^i 
added,  the  careless  revision  of  national  PharmacopcEias  ;  unledi 
this  may  be  classed  under  the  head  of  the  ignorant  preparation 
ofmedicine.  il 

Under  the  head  of  "  Ambiguity  of  nomenclature,"  Dr.  Paiil 
bas  collected  some  curious  facts,  and  from  such  various  source^ 
as  to  evince  that  his  reading  has  been  extensive,  and  that  he  liflf 
neglected  no  means  of  attaining  knowledge  in  illustration  of  hiit 
subject. 

After  mentioning  some  circumstances  respecting  the  sweet 
and  common  potatoe,  he  observes,  "  A  similar  instanca  is  pre- 
sented to  us  in  the  culinary  vegetable,  well  known  under  the 
name  of  Jerusalem  artichoke,  which  derived  its  appellation  io  |^ 
consequence  of  its  flavour  having  been  considered  like  tbatdf 
the  common  artichoke  ;  it  is  hardly  necessary  to  observe  thatj£ 
has  no  botanic  relation  whatever  to  such  a  plant,  it  being  a> 
hehotrope  (heliotrapium  tuberosum);  the  epithet  Jerusalem  at 
curious  corruption  of  the  Italian  term  gira-sole ;  that  is,  turn-sirf 
in  Enghsh,  or  heliotrope  in  Greek."  ^ 

Dr.  Paris  occaF^ionally  enlivens  the  subjects  on  which  he  it 
treating  (and  it  must  be  confessed  that  they  sometimes  stand  in 
need  of  it)  with  anecdotes  which  happily  illustrate  his  positionot 
he  remarks,  that  "  it  ought  not  to  be  forgotten  that  cultivatiol 
and  artificial  habits  may  have  blunted  the  susceptibibty  of  oitf 
oi^ns,  and  in  some  instances  changed  and  depraved  theiS 
functions :  certain  qualities,  for  instance,  are  so  strongly  cobIk 
nected  with  each  other  by  the  chain  of  association  that  by  pre^ 
senting  only  one  to  the  mind,  the  other  hnks  follow  in  successioil^ 
This  might  be  illustrated,"  continues  Dr.  Paris,  "  by  th4f 
recital  of  numerous  fallacies  to  which  our  most  simple  perceptioiHp 
are  exposed  from  the  powers  of  association  ;  hut  1  will  relate  sM 
anecdote  which,  to  my  mind,  elucidates  the  nature  and  extent  off 
such  fallacies  more  strikingly  than  any  example  which  could  b<t( 
adduced.  Shortly  after  Sir  Humphry  Davy  had  succeeded  illf^ 
decomposing  the  fixed  alkalies,  a  portion  of  potassium  wafci 
placed  in  the  hand  of  one  of  onr  most  distinguished  chemist^ 
with  a  query  as  to  its  nature  ?  The  philosopher,  observing  il 
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m^meX  Bod  spleadonry  did  iiot  hesitate  in  pronouacing  it  to  be. 
SWtelliCy  and^y  uniting  at  once  the  idea  of  weight  with  tkkdX  of 
1— fill,  the*  evidence  of  his  senses  was  even  insufllcient  to  dis* 
apwec  ideas  so  inseparably  associated  in  his  mind,  and,  balancing^ 
the  specimen  on  his  fingers,  he  exclaimed^  ^  It  is  certainlyi 
aetallic,  and  fxrif  ponderous!*"  Now  this  anecdote  is  not 
vlated  in  disparagement  to  the  philosopher  in  question.  Who» 
^Dttld  have  been  prepared  to  meet  with  a  substance,  so  nov^ 
fpd  anomalous,  as  to  overturn  every  preconceived  notion?  A 
iKtal  80  light  as  to  swim  upon  water,  and  so  inflammable  as  to^ 
«atch  fire  by  the  contact  of  iee  ! 

In  the  same  strain  it  is  further  and  happily  observed  by 'Dr. 
Paris,  when  treating  of  mercury,  thiit  ^*  mythologists  inform  urn 
Aat  he  was  the  winged  messenger  of  the  gods,  and  the  patros 
^  thieves.  What  name,  therefore,  could  be  more  appropriate 
hr  the  metal  in  question  than  that  of  this  deity?  for  it  is  not 
tnly  distinguished  from  all  other  metals  by  its  mobility,  but  it^ 
laiversal  agency  has  rendered  it  the  resource  of  those  worst  of 
^^eves  —quacks,  and  nostrum-mongers.*'  Dr.  Paris,  in  addition 
ts  his  own  experience,  and  to  the  information  gained  by  hi» 
leading  on  the  subject,  has  obtained  much  useinl  information 
kom,  persons  in  distant  countries  respecting  the  influence  of 
«aij^  culture,  climate,  and  season :  for  particulare,  I  must  ref^ 
Ike  reader  to  the  work  itself. 

The  only  remaining  part  of  the  histoncal  introduction  which  I 
fkftU  notice,  is  that  which  treats  of  the  application  and  misap* 
plication  of  chemical  science.  In  the  beginning  of  this  section^ 
KNBe  very  amusing  and  curious  matter  will  be  found.  After 
aoiieing  tne  works  of  Roger  Bacon,  Basil  Valentine,  Paracelsus^ 
'¥aQ  Helmont,  &c.  he  comes  down  to  our  own  times,  and 
lM>nours,  first,  Mr.  Brande,  and  then  me,  with  some  notice  for  the 
^ticisms  which  we  have  occasionally  ventured  to  make  upon  the 
London  Pharmacopceia;  and  1  believe  I  may  regard  myself,  with«> 
OBt  any  undue  pretensions,  as  a  very  prominent  member  of  a  new 
4)ider  denominated,  by  Dr.  Paris,  **  Ultra  Chemists; "  and  I  am 
reused  of  exhibiting,  in  my  Experimental  Examination  of  the 
Kkurmacopoeia  Londmensis,  a  ^'  caustic  style  of  criticism,"  rather 
tkan  '^  any  fatal  or  material  inaccuracy"  in  the  work  reviewed, 
iireat  allowance  is  to  be  made  for  Dr  Paris,  in  passing  his  judg- 
ment upon  my  examination,  for  he  is  a  Fellow  of  the  College;  but 
•till  not  having  been  so  at  the  time  when  the  Pharmacopoeia  in 
question  was  edited,  I  think  he  would  have  shown  more  discre-- 
tiOQ  in  suflering  it  to  sleep  quietly  in  the  dust  to  which  the  Col- 
lege have  consigned  it.  1  am  not  so  good  a  judge  of  the  ap» 
riarances  which  indicate  what  is  '^  fatal "  as  the  Doctor ;  but, 
lliinky  if  he  should  find  that  a  person  was  utterly  incapable  of 
porforniing  any  of  the  functions  which  indicate  vitality,  he  would 
conclude  him  to  be  dead,  if  then  I  discover  in  a /Pharmacopoeia 
9iiartarised antimony  which  is  not  tartar  emetic ^  and  consequently 
incapable  of  answering  the  end  for  which  it  was  prepared^  I  ha.y^ 
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grounds  for  concluding  that  1  have  pointed  out  "  a  fatal  and  msWc 
rial  iiiaccurucy."  Indeed  the  College  seem  to  have  concurred 
with  rat^  on  this  point,  for  the  process  of  which  I  complained  hi^ 
been  abandoned.  Whether  that  which  is  substituted  for  it  is  aif 
better,  I  need  not  on  the  present  occasion  inquire. 

To  proceed,  however,  with  that  part  of  the  work  which  it  i« 
moreimpoitant  to  notice,  it  is  to  be  observed,  that  after  the  his- 
torical introduction,  we  have  the  term  '  Pharmacologia '  define^ 
as  comprehending  "  the  scientific  methods  of  adminiiiteri;^ 
medicinal  bodies,  and  explaining  the  object  and  theory  of  IKot 
operation."  This  is  divided  into  two  parts;  "the  first  compre- 
hending the  principles  of  the  art  of  combination,  and  the  second 
the  medicinal  history  and  chemical  habitudes  of  the  bodies  whidi 
ue  the  subjects  of  such  combination." 

Excepting  a  short  and  incomplete  paper  by  the  late  Di. 
George  Fordyce,  I  believe  no  attempt  has  before  been  made  to 
investigate  the  medicinal  properties  resulting  from  the  mutual 
action  of  bodies  independently  of  their  chemical  action.  In  the 
ezecutibn  of  this  part  of  his  subject,  the  author  has  developed 
somf!  original  views  which  appear  to  be  capable  of  applicatios 
to  the  chemical  analysis  of  vegetable  substances.  Thus  in  meD- 
tioning  senna,  he  observes,  that  its  leaves  "  appear  to  contain 
an  active  principle  in  combinarion  with  a  bitter,  which  lattec 
ingredient,  although  destitute  of  purgative  properties,  consid^i- 
bly  increases  those  of  the  former;  for  if  this  be  removed,  u 
happens  when  senna  is  transplanted  into  the  south  of  Francq  ( 
the  purgative  principle  is  weakened,  but  may  be  again  reittored 
by  the  artificial  addition  of  some  bitter  extractive."  This  aad 
Bimilar  instances  induce  Dr.  Paris  to  inquire  whether  it  does  not 
appear  that  "  certain  elements  exist  in  the  composition  of  vege- 
table remedies  as  furniNhed  by  nature,  which,  although  indiri- 
dually  inert,  confer  additional  strenglh  and  impulse  upon  tba 
principle  of  activity  vvitli  which  they  are  associated  i " 

Incurring  the  risk  of  being  again  deemed  an  "  Ultra,''  I  shall 
venture  to  observe  that  this  reasoning  appears  to  be  derind 
from  the  well-known  chemical  fact,  that  it  is  impossible  tod^ 
cover,  a  priori,  what  will  be  the  result  of  mixture ;  and  I  ait 
apprehensive  that  the  few  remarks  which  I  intend  to  offer  upe> 
the  formulae  introduced  by  Dr.  Paris,  will  be  considered  u 
irrelevant. 

It  will  be  seen  by  referring  to  the  work  that  "  key  letters,"  m 
denominated,  are  placed  opposite  to  each  ingredient  of  a  collec- 
tion of  formula;  to  denote  the  mode  in  which  it  acts.  Now 
although  these  formula  appear  in  general  to  be  extremely  weB 
composed,  there  are,  I  think,  some  instances  In  which  the  idea  of 
the  mutual  assistance  of  similar  medicines  is  carried  a  little  tO") 
iar.  On  this  subject  I  confess  I  speak  chemically  and  theoreti- 
cally ;  but  ]  wonid  ask,  what  is  tiiere  so  different  in  the  action  (rf 
oak  bark,  galls,  and  catechu  as  astringents,  that  a  mixture  of 
them  is  preferable  to  any  one,   or  at  any  rate  any  two  of  them} 
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IMtt  tkelle  three  subBtances  are  employed  together  in  one  fbr- 
^ula.     It  is  indeed  true  that  the  oak  bark  is  used  in  the  state    ' 


inrinfusiony  the  galls  in  that  of  powder,  and  the  catechu  in  the  form 
liCtiticture ;  biit  as  all  of  these  bodies  may  be  used  in  any  of  tbete 
forms,  I  cannot  conceive  the  utility  of  using  them  all  together 
Bat  this  is,  perhaps,  the  natural  result  of  my  being  an  "  ulira.*^ 
'  ihr.  Paris  appears  to  have  paid  considerable  attention  to  u 
subject  of  great  importance :  I  allude  to  the  methods  of  detecting 
the  presence  of  arsenic;  and  he  has  pointed  out,  not  only  the 
'methods  by  which  it  may  be  discovered,  but  has  mentioned 
many  circumstances  which  give  rise  to  ambi^ous  appearances 
pf  its  existence.  In  addition  to^^e  copper  and  silver  tests,  upon 
Which  he  appears  to  place  the  greatest  reUance,  I  would  beg  to 
suggest  the  additional  evidence  which  may  be  easily  and  strik* 
ingly  obtained  by  the  use  of  an  aqueous  solution  of  sulphuretted 
Vjrdrogen  gas,  with  an  aqueous  solution  of  the  suspected  sub- 
stance. It  is,  perhaps,  scarcely  necessary  to  observe,  that  the 
effect  which  results  from  their  mutual  action  is  the  production  of 
«  yellow-coloured  solution  without  any  precipitate.  From  receilt 
tfxperiments,  I  am  satisfied  that  arsentous  acid  possesses  no  aliia> 
teous  smell,  and  that  it  is  peculiar  to  the  arsenic  volatilized  in  its 
metallic  stale.     I  mention  this  circumstance,  because  different 

2»inions  appear  to  be  entertained  on  the  subject;  and  if  the  arse- 
ous  acid  be  not  heated  under  such  circumstances  as  decom- 
pose it,  a  ready  but  rough  method  of  detecting  the  presence  of 
toienic  may  be  rendered  useless. 

As  one  of  the  not  least  useful  parts  of  Dr.  Paris's  work,  I  may 
notice  his  exposure  of  quackery,  and  the  statement  which  he  has 

fiven  of  the  composition  of  more  than  100  of  the  most  cele- 
rated,  and  consequently  the  most  mischievous,  quack  medicines. 
In  concluding  this  notice  I  may  observe  that  with  respect 
to  those  parts  of  this  performance  of  which  I  may  be  sup- 
posed to  be  able  to  form  an  opinion,  that  opinion  is  highly 
mvourable ;  and  although  the  work  is  evidently  intended  to 
afibrd  pharmaceutical  and  pharmacological  information  to  the 
jimior  members  of  the  medical  profession,  there  are  many  of  a 
maturer  age  who  may  receive  much  benefit  from  its  perusal ;  and 
it  will  form  a  useful  addition  to  the  medical  library.-^ jbW. 
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Feb.  1. — ^The  Bakerian  lecture  on  the  best  Kind  of  Steel,  and 
Form  for  a  Compass  Needle,  by  Capt.  Kater^  was  read. 
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Feb.  8. — A  papt:r  waa  read,  on  tbe  Fossil  Bonea^fouixl  in  tlM 
IliniBcit'Une.Uock.  at  Plymouth,  by  IVlr.  Whidby. 

At  the  saiue  meeting,  a  papsr,  by  Dr.  Heiwy,  of  Mauchesteu 

S)is  partly  reud,  on  the  Aenl'jrm  Coaipound!*  of  Charcoal  an» 
ydcQgf:!),  wiili  soiue  additional  KxpenmeiiUi  on  the  GaiM;^  froisi 
CXil  iiii4  C^oal.  ' 

Fell.  15. — The  paper,  by  Dr.  Henry,  on  the  Aeriform  Coia> 
p.ounds  of  Chjircoal  and  Hydrogen,  was  resumed. 

At  the  Eaaie  nieetiiig,  a  pupcr  wait  read,  by  the  Kev,  Db 
Bobeiuon,  eiititU^U,  "  Ubservalioos  of  the  Echpse  of  the  &wt 
onSept.  7,  182U." 

,    At  the  same  meeting  uUo  a  uotiue  waa  read,  respecting  alunM 
Volcano,  by  Capt.  H,  tCater. 

Capt.  K,  first  observed  tLia  volcano  on  Sunday,  Feb.  4,  tlw 
noon  being  then  two  U<iys  olU ;  ita  appearance  was  that  of  SI 
siftitll  nebula,  of  variable  brighUiees,  subtending,  an  angle  of  3!^' 
or4",  lis  digtani:e  from  the  edge  of  the  moon  was  l-iOth'hW 
diaaifter ;  and  on  the  tith,.  the  angle  it  formed  with  a  line  joiiifa 
iag  the  cusps  was  about  6U°.  i 

,  i'i/y.  2:2.  — Dr.  Hpniy's  paper,  on  the  Aeriform  CompoundsdS 
Cbarcoal  and  Hydrogen,  was  cuncLnded.  i 

.  The  object  fiv.-it  proposed  by  the  author  was  to  exaniine'dMii 
accuracy  of  those  viewsof  the  compounds  of  charcoal  and  hydrqiw 
gen  which  had  arisen  out  of  his  former  eKperiments,  andtheseoM 
J)K[r-,Ui\lton,  cspec-ultywhetber  there  be  acutnpotiiid  answeringMI 
itu,  characters  to  hght  cjrburetted  hydfog"n  gas/  tbe  exiateno^ 
of)  which  had. been  culled  in  question  iu  a  late  Balcerian  lecture 
Tnia,  atler  attentively,  and  at  various  tinier,  .examining  tbcgalB 
from  stagnant  water,  he  pron'.innccs  to  he  a  distinct  chemicab 
compound,  liaving  uniformly  the  same  composition  and  chemicaU 
DEopf^rties,  aaid  the  sante  specific  graMity  (U'55li).  It  is  conatU^ 
ttfted  of  lOU  parts  hy  weight  -of  charcoal  united  with  3;j-4lJ  olF 
byHrogen;  while  olefiant  gas  consists  of  10. 1  charcoal  +  16'70< 
hj^rogen.  Hence  if  the  latter  be  considered  as  a  compouiid^otf' 
oue  atom  of  charcoal  and  one  atom  of  hydrogen,  carburettedi' 
li^.d-rogeo  must  consist  of  one  atom  of  charcoal  and  two  atoms  on 
h]4>'i>gsni  ^ud  a%  lUO  cubic  iuuhes  of  carburetted' hydroe;ein' 
Qontain  Itytjrogen  equivalent  to  ^UUcuhiaiRcbes  of  hydrogen  y  "^" 
he  suggests  the  verification  of  the  specific  gravity  of  hydro; 
gaa  by  that  of  carburctted  hydrogen,  and  finds  that  in  tbis  v 
it  cornea  out  0-0t>9d,  making  the  relative  weights  of  the  atoms 
hydrogen  and  oxygen  very  nearly  as  I  to  8.  The  atom  oC  cfa* 
coal  niao  he  estimates  from  the  composition  of  carburettf 
hy4rogen,and  of  carbonic  acid,  at  U.  ' '    I 

His  next  experiments  relate  to  the  bes6  means  of  ana'tyzii  _ 

lEUXturcH  of  oleliant  gas  with  hydrogen,  carburetted  hydrugbiii 

or  oaclionic  oxide.;  and  ofoleficint  t;ns  with  all  those  three  gaseM^ 

CMo$u]«,  be  tjhowiiy  may  be  employed  with  jietfeet  acoumeitf' 

^W^'idtedi  c^riaLaipi-^eautioQs  tax.  5fe»ei;veAi^-mia\«iti.  w.'ti^^WLttt  "^ 
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•HWengthinthefwtpw'.  The  chief  of  these  is  thetjomplete  ejt61u- 
lion  of  Mfiht,  for  in  that*  case  olefiant  gas  alone  is  condensed,  biit 
'btenthe-mnt  light  of  "a  cloudy  day  was  found  sufficient  to  cauflf^e 
^the  speedy  action  of  chlorine  onthe  other  gases.  The  pap^i^ 
^^eentains'ttlso' directions  for  analyzing  mixtures  of  hydrogen,  car^ 
f^iretted  hydrogen,  and  caitonic  oxide,  but  these,  from  th^ir 
'BOttire,  are  incapable  6f  abridgment. 

By  the  analytical  processes  thus  established,  he' proceeds  tb 
t!itaniine  the  composition  of  oil  gas  and  coal  gas.  The  resJuJte 
'fire  given  in  tables,  but  the  general  issue  of  the  experiments  16 
■tiiat  oil  gas  (tis  he  had  formerly  shown  with  respect  to  coal  gaS) 
'is^very  far  from* being  uniform  in  composition,  butditfers  greatly 
•m -specific  gravity  and  combustibility,  when  prepared  at  different 
tnnes  even  from  the  same  kind  of*  cil,  owing  to  variations  icjf 
'temperature  and  other  circumstances.  Essentially  the  gus^ 
•ftom  oil  and  from  -coal  are  composed  of  the  same  ingredients^; 
^tiiough  in  different  proportions,  viz.  simple  hydrogen,  light  cai*- 
buretted  hydrogen,  and  carbonic  oxide  gases,  with  the  addition 
t>f  variable  proportions  of  an  elastic  fluid,  which  agrees  with  6W-^ 
jRant  gas  in  being  condensible  by  chlorine,  but  consumes  mofie 
Oxygen  and  gives  more  carbonic  acid,  by  combustion,  and  has' "li 
■hieher  specific  gravity  than  olefiant  gas,  and  even  than  atniQ* 
H^eric  air.  Whether  this  lingredient  be  strictly  a  gas,  perm^ 
ftent  at  all  temperatures,  or  a  mixture  of  olefiant  gas  with  soiob^ 
tmw  gas,  constituted  of  hydrogen  and  charcoal  in  different  pfd- 
Jportions  from  what  are  found  in  the  known  compounds  of  thott 
dements,  or  merely  the  vapour  of  a  voleltile  oil,  he  leaves  to  W 
"iecided  'by  a  future  train  of  experiments. 

OAMItRIBGE    PHfLOSOFHICAL  ^OCFETT. 

ilddress  read  at  the  First  Meeting  of  the  Cambridge  Philosophic^ 
Society y  stating  the   Design  and   Objects  ((f'  its  InstitnliQUi;, 

:  tori  tun  at  the  Request  oj  the  Conncil,  by  Edward  iJatiml, 
Clarkcy  LL,D.  Professor  of  Mineralogy  in  the  University  f;^ 
Camhridgey  -ijc.  6iC.  j 

At  the  opening  of  the  first  meeting  of  the  Cambridge  Philo-' 
iophical'Society,  the  Members  of  the  Councilavail  themselvtM 
of  the  earliest  opportunity  that  has  been  offered  to  them,  df 
expressing  to  the  Society  their  congratulations  upon  its  Institu*: 
tion.     Convinced,  as  they  all  of  them  are,  of  the  advantages 
Kkely  to  result  from  the  establishment  of  sucli  a  Society,  tbt^ 
do  not  hesitate  to  declare  their  opinion,  that  an  event  of  moco 
importance,  as  affecting  the  best  interests  ofscience,  hfts.rttidy ' 
•eeurred  in  Iheannats^of  die  University. 

A  century  has  now  elapsed  since  the  cetebrated  WoodwalB 
prefixed  the  following  axiom  to  his  **  Essay  upon  the  Natural 
Hktory  of  the  Earth,"  which  took-the  lead*in  «vibj|«ctAQC^|jb(&hM^ 
ficd  'inquiry.     *^'From  a  long ''train  x){  tixyrtteticej*  %^v\^V^> 
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^the  world  is  at  length  convinced  that  observations  are  thn  orAf 
sure  grounds,  whereon  to  build  a  lasting  and  Bubstantia!  |}hilo> 
Sophy.     All  partyee  are  so  far  agreed  upon  this  matter,  that  it 
seems  to  be  now  the  common  sense  of  mankind.*  "     For  this 
reason,  when  he  composed  his  work,  as  he  himself  states,  "  He 
gave  himself  up  to  be  guided  wholly  by  matter  of  fact,  intendiog 
to  steer  that  course,  which  is  agreed,  of  all  hands,  to  be  the  best     (' 
and  surest  \  and  nut  to  oHer  any  thing  but  what  hath  due  warrant     \- 
&om  observations.'t'     Unfortunately,  for  the  fume  of  this  dislin-     ' 
guished  naturalist,  and  for  the  University  to  which  he  bequeathed     'I 
Bis  valuable  collection,  the   want  of  a  Society  affording  tbB     [' 
means   of  philosophical  communication,    caused  his   imiuente     j' 
treasure  of  facts  to  remain  hoarded  in  a  place  by  no  means  wtu-     !' 
thy  of  the  collection,  or  convenient  for  its  arrangement.      Henc«     |' 
the  hardly  credible  truths  which  are  now  beginning  to  come  to     '} 
light  respecting  the  Woodwaidian  collection  ;  hence  the  extraoN     ij 
dinary  circuraBtance,  first  made  known  by  the  late  Profesaor,lhe     i 
Aev.  J.  Hailstone,  that  the  corundum  stone  (a  substance  ofsucli     ' 
nngular  utility  in  the  arts,  and  whose  supposed  discovery,  ai 
distinii^uished  from  other  minerals,  was  atlnbuled  to  Dr.  Bluck, 
of  Edinburgh),  was  not  only  known  to  Woodward,  but  specimens 
of  it  exiMted  unnoticed  in  his  cabinet  many  years  before  Dr. 
Anderson,  of  Madras,  sent  to  Europe  the  examples  upon  which 
J)r.  Black  founded  his  observations.     The  same  may  be  said 
Sl^ith  regard  to  other  bodies,  and  especially  that  remarkable  sub-' 
ataoce  called  the  native  meteoric  iron   of  Pallas,   also  in  tb^ 
"Woodwardian  collection.^    To  obviate  even  the  possibility-^ 
Biich  occuixences  in  future,  to  lay  open  channels  ot  commumin^ 
tion  for  facts  connected  with  the  advancement  of  philosopliy,  aiw 
also  to  brin?  together  men  who  are  engaged  in  .common  pursuits 
of  science,  m  the  main  object  of  the  Cambridge  Philosophical 
Society.    The  zeal  and  promptness  which  have  been  manitest^ 
in  its  establishment,  and  a  view  of  the  names  which  have  beea| 
already  added  to  the  list  of  its  members,  excite  a  reasonable' 
bope  that,  by  means  of  it,  a  fuiid  of  valuable  information  mayb^ 
gradualiy  accumulated.     Some  idea  may  be  formed  of  the  use* 
fulness  of  such  an  Institution,  dimply  by  referring  to  the  vanoM' 
periodical  Journals,  editid,  either  by  individuals,  or  by  societieq^ 
ill  'different  districts  of  this  kingdom ;  in  which  the  philosophic^ 

■  Nat.  Hist,  oflhc  Eutb,  p.  I   Land.  I7S3. 

+  Ibid.  ''  The  obserradons  I  «peak  of,"  obterres  the  same  Author,  p.  3, 
A  madu  in  Eiiglaad,  the  far  j^realcst  part  whereof  I  (ravclleil  orer  an  purpoae 
tbnn ;  profeiMcUy  Bearcfaing  litl  phcri  u  1  passed  alon^,  and  taking  a  caieful  ai 
liinrjif  Thingi  on  all  hands  u  thej  presented  ;  in  order  to  inform  myself  of  the  pra 
condition  of  the  earth,  and  all  Bodget  contained  in  it,  as  far  >s  either  Crottnt, 
Katnral  Cavirin,  or  MInei,  Qiiarriei,  Calrpili,  and  the  like,  let  me  into  it, 
[Jaycd  to  lightlhe  interior  paHsofii."  „ 

t  To  prove  this  remarkable  fact,  Profesor  Hailstone  purchased  a  spcdmcn  of  IM 
MMJst  mcteorii:  iron  of  Pallu,  and  placed  it  in  the  Woodwardian  collection  bf  iho  lidi 
^  Weedwaid  'i  ipedmcn,  that  tboi  id«D^  uu^fi^icllifinmteai^  naa^yjiadlf.   ' 
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aMintributioos  of  the  members  of  this  University*  being  frittered 
Uld  aquaqdered  away  in  detached  and  distant  parts,  appear  to  be 
lloiost  without  existence ;  but  if  the  same  scientific  productiong 
^mA  been  concentrated,  their  testimony  of  the  indusrry  and  abi-^ 
[•ties  of  their  authors  would  not  only  be  creditable  to  the  Univer-^ 
lity,  but  would  also  tend  more  efteccually  to  the  advancement  of 
Science.  It  is  one  of  the  objects  of  the  Society,  that  a  volume 
for.  giving  publicity  to  such  writings,  should  occasionally  be  sent 
forthy  not  at  any  fixed  or  stated  periods,  but  so  often  as  due  and 
^>proved  materials  can  be  selected  for  this  purpose,  and  to  this 
^nd  it  is  proposed  that  Philosophical  Communications  should  be 
^couraged  from  every  quarter  likely  to  afford  them,  by  render* 
ing  to  their  authors  every  possible  assistance  which  may  be 
^yeceSiSary  for  their  publication.  Letters  have  been  already 
^j^ansmitted  from  the  Secretaiies  to  persons  who  are  Ukely  to 
^promote  the  intentions  of  the  Society ;  and  it  is  requested  that 
4II  its  members  will  themselves  further  the  designs  of  the  insti- 
tution, by  inquiring  for  communications  relating  to  the  several 
liranches  of  naturcd  history,  and  natural  philosophy,  especially 
by  means  of  th^ir  foreign  correspondence,  and  the  observations 
^ey  may  be  able  to  collect  from  scientific  men  engaged  in  foreign 
ti^tvel.  Whatsoever  may  tend  to  illustrate  the  history  of. toei 
-^uimal,  the  vegetable,  or  the  mineral  kingdom  ;  of  organized  or 
.4f  unorganized  existences ;  will  be  deemed  valuable  acquisitions. 
Of  course,  it  is  hardjy  necessary  to  add,  that  all  papers  on  the 
Jttbjects  of  zoology  in  all  its  branches  ;  of  botany,  mineralogy^ 
geology,  chemistry,  electricity,  galvanism,  magnetism,  and  all 
fldathematical  communications  connected  with  the  subjects  of 
ijiatural  philosophy,  will  be  thankfully  received,  and  always  duly 
^knowledged. 

:  The  want  of  a  sufficient  incitement  towards  inquiries  of  this 
^ure,  after  University  students  have  commenced  graduates^ 
has  been  sometimes  considered  as  a  defect  in  the  schemei  of 
.(fpiversity  education.  At  that  important  period  of  life,  whea 
^e  application  of  philosophical  studies  should  begin,  academical 
students  seem  to  have  acted  under  an  impression  that  they  have 
brought  their  studies  to  a  termination.  Or,  if  a  dispositioa 
^bouTd  prevail,  to  approach  the  studies  of  Nature,  under  the 
aonviction  that  it  is  belter  '^  de  re  ipsa  quarefe,  quam  miravi/^'^ 
^is  tendency,  of  such  incalculable  value  in  youthful  minds, 
becomes  checked,  either  by  the  retirement  or  consequent  want 
of  intercourse  with  literary  men,  to  which  the  culls  of  professional 
duties  consign  them,or  by  the  little  honour  which  in  all  ourlJni versi* 
ties 'has  hitherto  awaited  the  inquiry.  The  valedictory  obsenrv 
tlpos  of  Bishop,  Watson  afford  a, decisive  confirmation  of  thiii 
truth :  t  and  the  reproaches  cast  upon  our  country  by  the  cele* 
bn^ted  Kirwan  ^  may  be  still  considered  as  not  altogether  inap« 


<M'  Seii^M.      •  -     fWwftmm^m  MiiedlnwM  Ttrad^  foL  iL  p%4SS^  UmL  lSiS«(  1^ 
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^IhsAie.     "  In  Sweden  aad  Gt-rniany,"sayslie,  "  roinerfllogyv 
•oiMidcred  ws  a  science   worthy  Uie  afention  of  govemmHh 
There  n re  Colleges  in  which  it  is  regularly  taught;  it  tV>tm>t 
«iistinct  and  honourable  [jruression,  like  that  of  the  soldier,  ^ 
nerchunt,  or  the  barrister;  it«  superior  cffieeis  form  a  part  of 
the  administration  of  the  afme.     Young  btudetits  frnught  wiA 
tbe  knowledge  to  be   acquired  in   their  own  country   are  MMt 
■ibroad  to  glean  all  that,  can  be  collected  from  a  more  divcieiiiaA 
view  of  nature.    Tliit^  exHm|jle  has  been  folluwed   by  Ftaiti% 
fi-UBsia,  and  iSpain.     Cheniit^try  tno,  tbe  parent  of  mineralogy,  il 
eollivated  by  the  most  enlightened  nations  in  Europe,  and  paf1» 
cularly  in  France,  with  a  degree  of  ardour  that  approaches^ 
Cnlhusiaam.     in  England,  on  the  C0"trary,  it  receives-ao  encW 
Tagement   from  the   public. "     These  observations  which   thtf 
«miiient  nntnr^list  then  applied  to  the  studies  in  which  he  Wit   t? 
more  parricukrly  engaged,  may,  to   a  certain   pKtent,  be  y«   \o 
<lirected  towards  every  other  branch  of  natural  philosophy.    Ii    ru 
ifae  posthumous  works  of  Dr.  Hooke,  which  were  dedicated  to   u 
&r  Isnac  Newton,  when  he  was  President  of  the  Royal  SocieOt,    o 
)>y  lis  Secretary  Walltr,"  we  find  then*  a<:tlior  maintaining,  that    i« 
tbe  negleot  shown  to  natural  philosophy  has  been  characteristl-    > 
cal,  ni.t  of  this  country  alone,  but  of  all  nations  and  in  all  ugca.    h 
"  Learned  men,"  he  complains,  "  take  only  a  ti-aiisient  viewtf   o 
natural  philosophy  in  their  passage  to  other  things;  thinkingft    K 
•nfficient  to  be  able  to  talk  of  it  in  tbe  phrase  of  tbe  school. 
J«'or  is  it  only  so  now,  but  it  has  been  so  almost  in  all  ages  ;  M 
Iftiat  for  about  2006  years,  of  which  -we  have  some  account  Vk 
history,  there  is  not  above  one  cjuarter  of  that  space  in  whiob 
men  have  been  philosophically  given ;  and  among  such,  as  iiBM 

been  so,  several  of  them  have  been  so  far  disjoined  by  time,  iMK 
^uag'e,  and  Climate,  by  n>anner  of  eduoation,  manners  and 
ispinions,  and  divers  other  prejudices,  that  it  could  not  te 
•xpected  it  should  make  any  considirable  progress." 

-  Yet  theeJlect  of  such  studies  upon  the  mind,  and  especiaUyi^ 
iplBces  appropriated  to  public  education,  and  in  an  age  wf 
false  philosophy  and  irreligion  have  been  so  alarmingly  mi 
£iated,  may  perhaps  secure  for  them  a  more  favourable  receptit 
kiuce  it  retjiUiFes  no  argumnnt  to  prove  that  the  evidences  of'-iv 
gion  always  keep  pace,  and  are  progiessive,  with  the  discovei 
m  natural  knowledge.  After  a  long  life  entirely  devoted  to  " 
Mwdies  of  natnral  history,  Linneeus  placed  ovet'  tbe  lintel  >ofdll 
•door  «f  his  museum  an  inscription  which  was  calculated  toodtf 
irey  to  the  mind  of  every  npproa-.hing  student  a  convictionof  tbk 
tmth  ;  Iniiorue  vivito  !  Numen  adesC !  f  -^ 

Having  thns  set  before  the  Society  the  main  design  andobj«<QB 

*  Uooke'n  Prcunt  Stnte  of  Natuiil  Philosuphf ;    me  PcHthumon  IfOrls,  tpT-A 
Land,  llll.'i, 

n  Jiy  Mtnttir,  in  -PulictMf  "v  Unniiui  b;  ItMcw^  fiM 


tUXk^  ^  -  '  iSeittUifie  iHitllfgente. 

if  4lto  <ifei8tilutf0n,  the  Oouncii  beg  to  call  the  Attention  ofj&is 
IM^ctniK^  to  xonstdek^tions  of  a  mubordinatc  nature.  It-wiUtuft 
ttoteessary  to  provide  some  place  in  which  the  fatore  meeth^ 
Mpy  be  held,  and  where  a  rtipository  may  be  formed  for  tUB 
ttteservation  not  only  of  the  archives  and  records  of  the  Society, 
but  pltto  of  such  documents,  books,  and  specimens,  of  naitiinS 
Kistory,  scs  may  heicafler  be  presented  or  purchased.  Thfs 
mtnaost  economy  will  at  present  be  requisite  in  the  management 
•f  ^the  Socie^'s  funds;  and,  therefore,  if  the  consent  of  ^the 
University  could  be  obtained,  it  would  be  highly  desirable  thtt 
the  expenses  of  printing  the  Society's  Transactions,  should  Jbe 
defrayed  by  the  University.''^  His  Royal  Highness  the  Chancellor 
lias  accepted  of  the  office  of  Patron,  and  his  letter,  contaimii|( 
8»6  expre.^sion  of  his  approbation,  will  be  read  by  one  of  the 
Secretaries.  The  present  Vice-Chancellor,  our  High  Steward^ 
teth  our  representatives  in  Parliament,  and  many  other  distin* 
fished  members  of  the  University,  who  are  not  resident,  halite 
iaIbo  contributed  towards  the  undertaking ;  and  there  is,  there- 
lore,  every  reason  to  hope,  that  the  Graduates  of  this  4LItii^ 
^ersity,  who  associated  for  the  Institution  of  the  Cambridge 
Philosophical  Society,  by  their  assiduity  and  dihgence  in  its 
mpport,  and  by  their  conspicuous  zeal  for  the  honour  and  weli-i^ 
being  of  the  University;  will  prove  to  other  times,  that  their 
fives  and  their.studies  have  not  been  in  vain. 


fm     \^        « 
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"•'SCIENTIFIC    INTELLIGENCE,    AND    NOTICES    OF    S^UBJBCTf 

CONNUCT&O    WITH    SCIENCE. 

)t  ^9ikeof  seme  new  -Mirtertds  Jrom  Finland.    By  M.  Jolhiyiof  Alio. 

'    fA^  1i^  infbmiation   contributing  to  prombte  the  knowledge  -iir 
Mttmils  ivill  prdbably  be  agreeable  to  your  residers,  I  subrtiltto  yottir 

aMfSt!  a  brief  tfotiee  of  an  inTestigsKion,  made  by  Mr.  N.  NordiAw 
d;t  of 'the  crystallinefortn  andrheeheniical  constituMtB^oFseveffl 
nnnirii  tntnttrals,  sAnong  which  the  mott  recerttly  discovered  -«e^ 
iMionzorit  andpymllolit. 

r;lAfiii/r'rzrit«/.«*->f.  Nordenskioldliaii  named  thb  new  mineral  afbir 
Oflurtt  Romansoff,  who  is  well  known  to  promote  scientific  pursuits  la  . 
jgimeraL  with  unbounded  liberality,  and  Whose  attention  and  ^enerosiqr 
fii^Mrticular,  contribute  to  idvestigationi  relating  to  ;the  mmenUO|g]^ 
|9y||J||;^l|g^,  and  history  of  Finland, 


'H*  Bf r.  yoidittkibld  ii  a  Finlancl  gentlemta,  a  pui^  df  Berzelxns.  fie  putfiifhjtfcfc 
WJIM^SiiiiH  ftW  IMiHHlii ■liiilii  in  ■  IliiiititilWt  iiHlliVrt.  ^  BUnf^lH fiMftdam ITjiintllil 
arrahDcb  rtin<r>ligi  or  GeofpoHe,**  firom  which  tfaig  cctmimmii  aihinf^niB si^Hiii'i. ; ^ 
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This  mineral  is  found  in  the  lime  quarry  of  Kulla,  at  KimitOi  U 
Finland.  The  colours  of  this  mineral  are  brown,  brownish-yellow,  aid 
blackish -brown.  It  occurs  compacr,  sometimes  in  crystalline  plandi^l 
which  indicate  the  rhouiboidal  dodetiahedron  with  replaced  edgesr 
there  seldom  occur  more  than  ane  perfectly  crystallized  plane  with 
parts  of  the  others,  they  incline  9-t  an  angle  of  120°  to  each  other. 

.  The  fracture  is  small,  conchoidal,  splinter)-,  and  strongly  rescmblei 
that  gf  common  resin. 

The  crystalline  planes  are  higlily  splendent;  the  crystalline  trauM- 
tton  planes  sometimes  shining,  sometimes  dull:  the  lustre  is  greasy. 
When  broken  of  the  fragment,  hnve  a  lustre  between  the  vitreous  and 
resinous ;  when  thin,  they  are  translucent.  i 

Hard;  brittle;  give  sparks  with  the  steel:  scratch  glass  and  feU^    t 
^par,  but  are  scratched  by  quartz. 

The  specific  gravity  of  this  substance  is  3'60S6  at  60°  Fahr.  Itj^ 
o£  light-yellow  when  powderud.  ■ 

It  meUB  without  effervescence  in  the  interior  flame  of  the  blow-[W^ 

S'ving  a  button  of  the  same  colour  as  the  mineral,  except  when  itt' 
Lmc  is  smoky  when  it  is  blackisli. 

Five  grammes  analyzed  in  the  general  way  by  fusing  with 
of  potash  and  dissolving  in  muriatic  acid,  yielded 

Silex 41-2t 

Lime 24.--6 

Aluinine 2+08 

Oxide  of  iron 702 

Magnesia  and  oxide  of  manganese.     092 

Volatile  pans,  and  lo.~8 1  -SS  . 

Neither  the  magnesia  nor  the  oxide  of  manganese  appear  to  beloaj^ 
to  the  chemical  constituents.  The  oxygen  in  the  lime  is  three  timeti 
the  oxygen  in  the  alumine  five  times,  and  the  oxygen  in  the  silex  nin^* 
times  the  quantity  of  theoxy^ii  in  the  oxide  of  iron,  the  niineralogicdj 
formula  of  course  will  be  =  F  S  -j-  3  C  S  -f-  5  A  H,  or(F  S  -f-,  2  AJP 
-t-  3  (C  S  -(-  A  S).  ■"* 

Pi/rallolil. — A  new  mineral  belonging  to  the  talc  family. 

Among  the  minerals  found  in  ihe  lime-quarry  of  Storgard  in  tht 
point  ot  Pargas,  there  is  one,  which  at  first  was  cnoBidered  to  be  crylt 
-tallized  talc.  It  has  the  singular  propensity  of  blackening  before  th*' 
blow  pipe  at  a  loiv  red-heat,  anJ  it  afterwards  becomes  white  at ^ 
higher  temperature.  It  occurs  in  opaque  sparry  limestone  accompfp 
nied  with  feldspar,  augit.  skapolit,  moruxtt,  and  sfihene,  and  paTtia|p 
larly  crystallized  with  augit,  whiL-h  mineral  often  thinly  covers  it.  H^' 
Excellency  Count  Steinheit  wh»  has  examined  the  quarries  of  Partt 
jvith  the  greatest  care,  and  xo  whose  zeal  the  mineralogist  is  indebted  < 
for  the  discovery  of  most  of  the  new  Finnish  minerals,  was  also  tligi 
first  who  gave  attention  to  this  mineral.  , 

This  mineral  is  found  in  crystalline  masses,  and  in  distinct  crystali  ^ 
fotir  varieties  of  form. 

■In  quadrangular  prisms,  of  whi  ch  the  angles  are  94°  36'  and  85"  9- ,  ^ 
Bttd  which  are,  therefore,  slightly  rhomboidal,  the  opposfd  lateral  plancKj 
t#o  and  two,  differ  in  breadth  ;  the  plane  iM  and  its  opposite  ptuV 

JF%tte  V),  fig.  9,  being  much  broader  than  T  and  its  opposite  plBBQl' 
on  M  140"  49". 
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t'Fig.  '10  difieris  from  fig.  9  only  by  the  addition  of  the  little  planes  n  : 
MmTl31<*S(y. 

xfVfg.  11,  P  on  /  l^G""  11'.    The  plane  P  is  at  right  angles  to  the  axtf 
rfthd  prism. 
jiFig.  iQ.    In  this,  the  planes  n  of  fig.  10  are  seen  in  combinatioil* 
Pand/offig.lK     NonPlS8o3(y. 

•The  crystals  seldom  occur  perfect;  they  vary  in  size  from  very 
small  to  the  length  of  1  and  t^  inches,  S-lOths  to  4-lOth8  of  an  inch  lo^ 
Jireadth.  The  colour  is  sometimes  greenish.  By  long  exposure  to 
sir.  and  light,  the  coloured  crystals  become  perfectly  white.  Their 
jirface  is  dull.  The  lustre  greasy.  Fracture,  dull-earthy.  Trans- 
locent  only  when  in  thin  laminae.  The  crystals  are  more  or  less  cohe* 
Mt:  some  readily  crumble,  and  are  then  unctuous  to  the  touch; 
others  are  harder,  yielding  to  the  knife  hut  not  to  the  nail,  and  feel ' 
thtu  harsh  in  the  fracture.  The  same  crystal  is  sometimes  hard  in  one 
sod,  and  not  at  the  other.  It  seems  to  harden  in  the  air.  By  fracture 
luree^ided  prisms  are  very  easily  obtained.  Its  specific  gravity  is 
hg5.5  to  2\5.94. 

The  powder  put  upon  a  red-hot  spoon  phosphoresces  with  a  bright 
ifaush  light. 

When  heated  with  the  blow-pipe  at  a  little  below  a  red  heat,  H 
becomes  blackish,  and  by  continued  exposure  to  this  heat,  it  is  ren- 
lered  white,  swells,  and  melts  at  the  edges  into  a  white  ^amel. 

It  melts  with  borax  readily  into  a  clear  glass,  which,  by  adding  a 
little  nitre  shows  traces  of  manganese.  A  little  of  the  phosphate  of 
soda,  or  ammonia  added  to  a  button  of  borax,  saturated  with  the 
mineral,  renders  it  after  cooling  an  opaque  and  white  enamel.  A  little 
piece  of  the  mineral  heated  with  glass  of  phosphorus  effervesc^ 
djghtly  at  first,  but  they  eventually  combine. 

-With  soda  it  melts  to  a  clear  glass;  with  a  yeilowish-green  tinge,- 
tl^  colour  is  mo»t  easily  distinguished  upon  white  paper. 

i,31ie  analysis,  which  was  conducted  in  the  usual  mode,  viz.  by  heat» 
log  tj^e  fine  powdered  mineral  with  three  times  its  weight  carbonate  oT 
potashy  dissolving  it  in  muriatic  acid,  gave 

Silica 56-62 

Magnesia 2338 

Alumine 3'38 

(,                   Lime 5*58 

Protoxide  of  manganese 0  d9 

Peroxide  of  iron 0*09 

Water S58 

Bituminous  matter  and  loss 6*38 


^i 
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;Xo  attempt  a  formula  for  thiscainerAl  before  it  is  determined  whe* 
ther  the  bituminous  matter  belongs  to  the  chemical  composition  or  not 
wpaM:  certainly  be  premature.  But  it  may  be  observed  that  as  the 
oaj^gea  of  the  alumine  and  limq  is  equal,  and  that  of  the  silica,  1 
timea»  of  the  magnesia  six  timiss,  of  the  water  twioe^  the  quantity  of 
UMSgeo  in  the  alumine,  tbeiiiFmiAUis  jikeljr  to^  be  A  S*  -^  C.S4;4s; 


V  ■ 
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•6.  Mg  S*  t-H'>Aq»  in  ease  the  bituniinaus  matter  it  venuilered 
foreign  to  tlie  (;heniical  coniposiiioii. 

In   cnnBeijiience  of  the  singular  property    of  this  mineral  of't 
change  of  colour  when  exposed  to  hoot.  tVoni  white  ti>  dark  Bud  fn 
iatk  to  white  again,  the  niime  pjralloHl,  fonneil  of  the  Greek  wotJl 
■"f  and  «Wj(,  was  given  to  it. 

II.  Mininr  Inlellii-ence. 

At  the  latter  end  of  December  last,  the  Ihird  of  ihe  new  «rt 
engines  erected  on  tlieC^nsulidnied  mines  near  Redruih,  in  Comwd 
-watt  put. to  work;  and  rb  two  ut'  these  machines  are  of  a  larger  M 
than  was  ever  before  attempted,  and  as  the  concern  is  one  of  pt 
■extent  and  interest,  some  account  of  it  may  be  acceptable  to  a 
readers.  ^^ 

'Ihe  undertaking  includes  four  or  five  copper  mines  nearly  adjfll 
flng,  anil  on  the  Kaiiie  veiiiH,  formerlj  worked  very  profitably  in  dUthil 
iportionii,  until  owing  to  difficolliee  in  pumping  the  water,  and  oIIh 
cirrum stances,  they  were  gradually  abandoned  about  tfi  years  since 

The  improvement  in  the  use  of  steam  power  since  tliat  period  ij 
prominent  retison  for  expecting  advantH(;e  to  thote  who  linve  hat]  fl 
spirit  to  renew  ihc  workings,  though  there  are  many  others  whidh  at 
■Riportant,  such  as  increawed  skill  in  the  management  of  mining  nil 
ceSEes,  and  a  reduciictnin  the  cost  (tf  liibour  and  those  materiflls  whijl  VI 
«re  most  largely  corwumed.     The  present  company  hare  ■engapedi  "• 
eepital  of  about  fifi,0(Hi/,  in  ihe  concern,  and  the  whole  is  under  lln  *a 
nun^ement  of  Capt.  William  Davey  and  Mr.  John  Taylor.  |i* 

Tlie  extent  of  underground  workings  to  be  drained  is  veryconsid* 
able,  running  for  about  a  mile  in  length,  and  reaching  at  the  lowelk 
part  to  adepih  of  about  I  HO  fathoms  under  the  adil,  or  level  hywWA 
the  water  is  discharged  towards  the  see. 

To  keep  the  whole  of  these  excavations  dry,  and  toenablrthemiiM 
tB  be  sunk  deeper,  three  engineB  have  been  erected  by  Mr  Arfh4 
IVoolf.  One  at  the  western  extremity  of  the  ground  having  a  cylinW 
of  70  inches  diameter,  which  woiks  a  pump  about  fiO  fathoms  rlee|l 
and  two  oihers,  which  we  mean  paniculnrly  to  notice,  are  bituated  (Ml> 
near  the  centre,  and  the  other  at  the  eastern  end  of  the  concern.      '  1 

Thebe  engines  have  cylinders  of  fMI  inches  diameter,  the  pistOM 
make  a  stroke  of  ;0  feel  in  the  cylinder,  and  the  centre  of  the  beaiil 
is  so  fixed  that  the  rods  make  an  eight  footHroke  in  the  pumps;  thV 
they  are  able,  at  the  comoion  prepsure,  to  raise  a  load  of  Ha,0<X)  IbtJ 
Each  of  the  engines  is  furnished  with  six  wrought-iron  boilers  for  m»6 
duL'ing  high  prewure  steam,  which  is  applied  in  the  mode  usually  callfll 
expansive  by  engineers,  and  is  condensed  ir  the  common  manner. 

Three  boilers  are  connected  si»  as  to  be  heated  by  two  fires,  and  are 
sufficient  to  work  the  engine,  leaving  three  others  to  be  applied  whoi 
those  which  have  been  in  use  are  cleansing  or  repairing 

These  immense  engines  are  executed  in  a  very  beautiful  manner,  <n|| 
•Khibit  reaiOTkable  inxtanues  of  accurate  workmanship  and  sound  c* 
cohitian.  '1  hough  they  exceed  in  power  all  others  that  have  bcM 
before  constructed,  ant!  of  course  every  parr  is  of  a  dimension  for  whiA 
there  Is  no  precedent,  yet  each  lias,  from  the  first,  performed  its  olSllf 
Might,  and  the  vonibinalion  is  w  perfect  that  the  motion*  are  etjnaldlii    ' 
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|idL/ree:fran jartMrccmcutsion.  Theenginet  hare  woriced  repeatedlj 
fcl,(layit  atthe  rake  of  12  and  VA  strokes  a  minute,  and  the  wnole  haa 
fDne  as  amoothly  as  if  a  fly  wheel  regulated  the  impulse*  '^ 
•.■.The  e&oC.of  the  firsi  of  these  engines,  or,  as  it  is  called  in  Comwa]I» 
Attidiity,  haa  been  regularly  calculated  by  the  person  appointed  for  that 
parpMe,  and  has  been  published  in  the  monthly  report* 

It  was  found  to  Iwve  consunK'd  about  3^800  bushels  of  coal  in  35' 
4qrt,  or  Hi  bushels  per  day,  and  the  efiect  had  been  that  of  raising 
1^500,000  lbs  of  water  by  each  buMhel  of  coal,  which  is  rather  more 
nan  was  done  in  the  same  period  Uy  any  engine  of  similar  construe* 
.tisn. 

It  may  be  worth  mentioning  the  weights  of  some  of  the  principal 
r  |irta  of  one  of  these  large  machines.     The  cylinder,  exclusive  of  theu 
'  werund  bottom,  weighs  about  1  '^4-  tons,  in  one  piece ;  it  is  surroundedc 
I];  a  case  of  still  greater  dimensions.    The  beam  with  its  gudgeon 
i^Mgbs  nearly  ^5  tons. 

The  pump  rods  in  the  shaft  are  the  largest  mast  timber  that  could*^ 
k^ocured,  and  are  16  inches  square  to  a  considerable  depth  in  the 
lliafc;  when  the  whole  are  attached,  they  will  weigh,  with  the  iron 
gjfcifru  whirh  connect  them  together,  nearly  40  tons. 
0  When  it  is  considered  that  to  this  latter  weight  is  to  be  added  that. 
ifibe  column  of  water,  and  one  half  of  the  beam,  we  shall  find  nearly,- 
\jpo  tons  on  one  side  the  centre,  and  of  course  a  corresponding  pressure 
||Kthe  other  side  to  counterpoise  it ;  so  that  there  is  suspended  on  thft. 
■dgeon,  and  moving  freely  upon  it,  nearly  200  tons. 

The  piston  freauently  passes  through  240  feet  every  minutey  and. 
gives  a  correspondmg  velocity  of  motion  to  this  immense  mass  ofmat- 
IfUTf  which  is  yet  regulated  with  a  precision  that  is  astonishing,  and 
Vhioh  acts  without  concussion,  and  without  disturbance,  to  the  various 
parts  of  the  machine. 

^j3:here  are  many  roost  ingenious  improvenjenfs  in  the  construction, 
i^d  the  arrangement  is  simple  and  complete.  The  whole  reflects  great 
fr^dit  on  the  skill  and  ability  of  Mr.  Wooif^  to  whom  C«irnwall  has 
before  been  indebted  for  the  introduction  of  some  of  the  most  importani 
ipiyrfiH^pa^Qta  in  steam  engines  that  have,  benefited.tlie  mines.m  latee 
Jjears.        . 

p  The  works  at  the  Consolidated  Mine«  were  only  commenced  in  Jan.. 
Igifi^-aod  rit  is  probable  that  in  a  few <  weeks  the  water  will  be^att 
igm^d^t;  so  that,  this,  with  the  eytensive.erections  for  various  pur«f 

C8€*s  on  tne  surface,  which  are  suoli  as  to  render  it.  probably  tb« 
gestandxaostcomplete  mining  establishment  in.  the  worldt. have  been 
Wcuted  in  two  y;^a»^  i 

» 
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^1^:  Ltaoh  has  nearly  completed  bis  Synopsis  of  British  MoHuica. 
^«0IWi!^oa^Hotsbue's  NaFrati^e-6f  ai  V^ytove  itnmd  th^- WorM,  in  (W- 
Hussian  ship  Revric,  is  transiating  for  the  press. 


338  Neiv  Palenli.  [Mab^iIJ 

Elementary  Illustrations  of  the  Celestial  Mechanics  of  Laplac^ 
comprehending  the  First  Book,  for  Students,  in  the  Mathetnatice,  lua^ 
be  shortly  expected,  in  Svo. 

Mr  Wood  has  in  the  press  the  Linnean  Genera  of  lu^ects,  illui 
tratcd  by  86  coloured  plates,  and  general  observations  on  each  genus. 

Dr.  Forbes  is  about  to  publisli  his  Observations  on  the  Chinate  i 
Penzance,  and  the  Districts  of  t!ie  Land's  End,  in  Cornvvall. 

Dr.  Henry  Reader  will  shortly  publish  in  Svo,  A  Practical  Treatii 
on  Diseases  of  the  Heart,  in  «hica  will  be  comprised  a  full  Accountt 
all  the  Diseases  of  thai  Organ. 

Peptic  Precepts  :  pointing  put  iWethods 

g'  Miion,  and  to  regulate  and  invigorate  thi 
owels.     t'imo.     Ss.  boards. 

History  and  Method  of  Cure  of  the  various  Species  of  Palsy.  B|, 
John  Cooke,  MD.     Svo.     6s.  boards. 

Monthly  Journal  of  Popular  Medicine.     By  CharleB  Haden, 
gcon.     No,  I.    li.  6(^.  , 

Itome,  in  the  Nineteenth  Century,  containing  a  complete  Accoiat 
of  the  Ruins  of  the  Ancient  City,  the  llemains  of  the  Middle  Agei, 
and  the  Monuments  of  Modern  Times.  3  vols,  post  Svo.  1/.  7'- 
boards. 

A  concise  Account  of  the  Origin  and  Principles  of  the  new  Class  rf, 
21-Pounder  Medium  Guns,  of  reduced  Lcngih  and  Weight,  nrnpotal 
in  1  HI  3  by  Sir  William  Congreve,  Bart,  and  adopted  into  his  ^aJMly'f 
Service,     Svo,     7^.  Gd. 


Article  XIX. 

NEW  PATENTS. 

John  Sadler,  of  Penlington-ploce,  Lambeth,  for  an  improved  methot' 
or  process  of  manufacturing  carbonate  of  lead,  formerly  denominated'' 
ceruse,  but  now  commonly  called  whitehead. — Jan.  3,  1S21. 

John  Leigh  Bradbury,  of  Manchester,  for  a  newmodc  ofengraviM'^ 
and  etching  metal  rollers,  used  far  printing  upon  woollen,  cotton,  lineBi' 
paper,  clotli,  silk,  and  other  substences. — Jan,  9> 

Robert  Salmon,  Esq,  for  improvements  in  the  construction  of  insttO-' 
men  ts  for  the  relief  of  hernia  an  J  prolapsis  ;  which  instrument,  so  int^ 
proved,  he  denominates  scientific-principled,  variable,  secure,  ligblr 
easy,  elegant,  cheap,  and  durable  trusses, — Jan.  15. 

John  Frederick  Daniell,  Esq  of  Gower-street,  Bedford-square,  for 
improvements  in  clarifying  and  refining  sugar. — Jan,  15. 

Abraham  Henry  Chambers,  Esq.  of  Bond-slreet,  for  an  improvement 
in  the  manufacture  cfbuilding  cement,  composition,  stucco,  or  plastelF 
b^  means  of  the  application  and  combination  of  certain  known  maU- 
nals  hitherto  unused  (save  for  ex  perimen(s)  for  that  purpose. — Jan.  lit 

Charles  Phillips,  of  Albemarle-street,  commander  in  the  royal  aaiff  | 
for  improvements  in  the  apparatus  for  propelling  vessels,  and  improTd*' 
aientsiii  lAe  construction  ofvesaeUw^iio^ieWeOL. — ^wv.  \^.  ^ 


]yU3'  '        '^>'-  Hoteard't  MeteorohpcalJoumal. 

Article  XX. 
METEOROLOGICAL   TABLE. 


BAiioHETen. 

"j^-.;. 

mi. 

Wind. 

Mai. 

Min. 

Wax. 

Min. 

Ev.p. 

It.in. 

tMon 

Fan.    1 

E 

29-97 

29-a6 

31 

23 



61 

2 

K 

■29-^b 

29-53 

30 

22 

— 

Sl 

3 

£ 

29-33 

2945 

32 

24 



w 

4 

N       E 

■?9'50 

29-45 

31 

25 

— 

iS 

•  ' 

5 

E 

2.'r45 

29-27 

37 

^^J 

_ 

_ 

60 

6 

E 

2(128 

29-25 

41 

33 

— . 



88 

7 

N 

2928 

392ti 

39 

31 

— 

— 

86 

■■ 

8 

E 

29-26 

29-09 

45 

34 

70 

89' 

9 

E 

29  li 

2904 

43 

37 

_ 

9S 

10 

S      W 

29-16 

29-13 

44 

37 

— 

17 

iS 

11 

E 

^-9-2& 

29-1* 

46 

38 

— 

28 

ino 

c 

12 

S 

29-52 

2926 

51 

44 

— 

05 

P* 

13 

W 

29'5'J 

39-41 

51 

41 

— 

— 

?S 

1-1 

N       E 

30-12 

29-41 

42 

30 

1-20 

80 

16 

S        E 

30- 13 

29-77 

49 

33 

— 

42 

90 

]6 

W 

30-1 S 

29-77 

48 

34 

77 

17 

S       W;30-35 

30-18 

46 

39 

— 

__ 

91 

l' 

s     w 

30-31 

30-^5 

52 

45 

25 

02 

92 

0 

19 

s     w 

30-32 

30-31 

48 

40 

— 

92 

2' 

w 

3(l-(iO 

30-32 

50 

as 

05 

83 

Var. 

30'Gl 

30  60 

44 

28 



70 

22 

N     \V;30  6f) 

3061 

45 

35 



73 

23 

N       E;307n 

30-67 

40 

27 

, 

60 

21 

S        e'30-67 

30-60 

36 

28 



91 

25 

S      W'30-6u 

30-5(1 

48 

34 

— 

91 

26 

N       E  30-5813O-44 

45 

34 

— 

77 

> 

27 

E      I30-4430-29 

3S 

32 

— 

78 

2R 

S  ■  '3029  30  ah 

35 

30 

— 

84 

29 

S         E  30-29'3(i-2( 

46 

30 

— 

90 

30 

S       W  30-36'|jO-22 

SO 

42 

91 

31 

S      \V 

303830-36 

51 

44 

35 

84 

3fl-7('!29  04 

52 

22 

60 

2-89 

100—56 

Iw  DbKrvatioDs  in  each  Ikie  of  the  uble  ipply  to  ■  peiiod  of  twenty-four  honn, 
bunng  at  9  A.  M.  on  the  dav  indicated  in  the  GiM  equina.  A  dalh  dcBMCi  thM 
Htnlt  i*  induded  in  (b»  nest  followiog  obiervatian. 


Mr.  UuMMUtCa^  MtimfotogieoL  Jtrnmrnil   [flBi^ftCH,  XSESH. 


KEMAftES. 

First  Mottth,^\*  A  strong  cold  wmd.  '% — I.  Gloudj:  bleak.    5.  Monang  fine: 
about  two  inches  of  snow  in  the  evening,  fbUowed  by  hail  and  rain,  which  thawed 
nearly*  all  of  it  before  morning.      6.  Cloudy:   the  thaw  continuing.      7.  Gloadf. 
8.  Fine:  ctoudy.    9.  Foggy.     10.  Foggy:    dondy.     II.  Ramy.      18;  Bainy?  finr 
atintorvaK    IS*  dowdy,;  ^wryndoy- night.    U«  Raii^day:  a  lu^^.  qnona  vo^i^ 
crening.     15,  16.  Ooodyt  fine  atintexvals.     U»r$0.  dondy.    SflLdoady^:.  aliuiii; 
corona  in  the  evening  surrounded  by  a  huge  halo.    81.  Foggy  moinm^ :  vefy/ilned^k 
S8.  Qloomy :  fine.    23.  Fine.    (The  observation  on  the  barometer  hipre  given  is^ 
the  one  which  is  constantly  r^tered.    Two  others,  probably  leas  perfectly  adjusted, ' 
w^  found  to  stand  respectively  at  SO-85.  and  S0*9S  inches {  lim  ^lock'  hatpmeUr  at 
TottenhsBn  gives  the  maximum  at  about  SO  76 inches;  thoLwhoiloat  noon  on  the  23d4 
S4.  Qloomy:    foggy*     25.  Ditto.     S6.  doudy.     28.  Ditto.     25.. Foggy:   mu^* 
'Sd.  Finfic)eft' ™<uaixng :  fine  day.    SO,  31.  Fine. 


E£aUL3^ 

Windwr  N,  I  j  WE,  4;  B,  9 ;  SH,  3 ;  S,  8|  SW,.l;  W^  3|  BTW,  L;  Yar.  I. 

Baronpeter:  Mean  height 

For  the  month 29<9S0  indi» 

ISdt  the  lunar  period,  endihg  the  26th. 29i8di7 

For  13  days,  ending  the  8th  (moon  soudi) S9f608 

For  1 4.  day9,.ending  the  2gd  (moon  nocth)^ 29r893 

Thnmomfler:  Mean  height 

Forthemooth 98?liT7<» 

For  the  lunar  period «••..••••«•••••••••••• 36^383 

For  30  days^  the  8un:in  Capricorn  ...».••••».•••,...  36*6i6 

EvaporatiqgD :.^..... ....*...  0*60 in. 

Rain* , ...: 2-89 

Mean  of  hygrometer. 81^ 

Laboratorf/,  Straifordy  Second  Mon^y  20,  1821.  H.  BOWAXIk 
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Article  I. 


riments  to  determine  the  true  Weight  of  the  Atoms  of  Copper, 
nc,  Iron,  Manganese,  Nickel,  and  Cobalt.  By  Thomas 
omson,  MD.  FKS. 

two  papers  published  in  vol.  xvi.  of  the  Annals  of  Pj^la^ 
',  p.  327,  and  in  the  first  number  of  the  New  Series^  I  have 
a  by  experiments,  which  to  me  at  least  appear  decisive^ 
he  atomic  weights  of  the  14  bodies  which  constitute  the 
ct  of  these  papers  are  as  follows  : 

Oxygen  =  L  Hydrogen  =  L 

Nitric  acid 6-75    64 

Sulphuric  acid 6*0  40 

Muriatic  acid 4-626   37                  > 

Chromic  acid 6*6  ••••••  62 

Arsenic  acid 7*76  ••••••  62 

Phosphoric  acid 3*6  28 

Potash 6-0  48 

Soda 4-0  32 

Barytes " 9*76  78 

Strontian 6*6  62 

Lime 36  28 

Magnesia 2-6 20 

Silver 13-76  110 

Lead 13-00  .104 

i  process  which  I  followed  succeeds  daoYn\\iV)CL<^wSc^^^SuK^ 
Tew  Series,  yol.  i.  q 


Dr.  Thomson's  ExpeTimenlslodctermiiiethe  Weight  [Apkil, 
of  the  metals,  whose  names  are  affixed  to  tlie  title  of  this  essEtj, 
aod  has  enabled  me  to  detei'mine  their  atomic  weights  with  equal 
precision  ;  but  with  mercury,  bismuth,  and  tin,  some  modifica- 
tions will  be  requisite.  The  difficulty  with  respect  to  mercury 
is  to  obtain  its  nitrate  perfectly  free  from  water.  The  chlorides 
of  tin  and  of  bismuth  are  easily  procured  in  a  state  of  dryness ; 
but  when  thus  freed  from  water,  !  could  neither  dissolve  them 
completely  in  nitric  acid,  acetic  acid,  or  water ;  and  the  addition 
of  muriatic  acid  destroys  the  precision  of  the  process. 

My  object  at  present  !•<  to  relate  the  experiments  which  Iha« 
made  to  determine- tte- weights  of  the  atoms  of  the  six  metala  L 
whose  names  are  enumerated  in  the  title  to  this  essay.    The 
following  table  exhibits  the   atomic  weights   of  these  bodies 
according  to  the  best  experiments  hitherto  pubhshed. 


Dallon.' 

H^oll»wn.t 

Bnzeliu*.t 

P-atg 

Th..>.L 

Copper. . . . 

7-0 

4-0 

7-9139 

4-0 

8-0 

Zinc 

7-0 

4-1 

8-0646 

4-0 

4-26 

Iron 

6'25 

3-46 

e-78J3 

3-6 

3-6 

Manganese 

5? 

_ 

7-1167 

7-116 

3-5 

Nickel.... 

3-1261  or  6-25? 



7-3961 

3-65 

3'25 

Cobalt .... 

6-876? 

— 

7-3800 

3-66 

3-lffi- 

The  numbers  given  by  Berzelius  being  alone  (except  my  om), 
deduced  from  original  experimimts,  it  will  be  worth  while  lo 
compare  them  with  mine;  but  to  tit  them  for  that  companBOD, 
it  will  be  requisite  to  divide  all  of  them,  except  the  first,  by3. 
This  gives  us  their  weights  as  foUows  ; 

Copper 7-913y0 

_  Zinc 4-03225 

L  Iron 339216 

■  Manganese 3'557S5- 

■-  Nickel 3-09765 

Cobalt 3-69000 

The  long' train  of  decimals  attending  almost  every  one  of  these 
numbers  issufficient  of  iteelf  to  render  their  accuracy  suspicious. 
Nature  is  not  wont  to  indulge  in  such  complicated  relations. 
Indeed  the  very  simple  numbers,  which  we  have  already  obtained 
for  the  atomic  weights  of  the  "14  bodies  formerly  examined,  lesd 
almost  irresistibly  to  the  conclusion  that  the  same  simplicity  wfll 
be  found  to  pervade  the  weights  of  all  the  simple  bodies  in 
nature.     We  shall  see  immediately  at  least  that  the  law  hold* 

•   New  SyiMtn  of  ChemiBtrj,  p.  546.      1  h»ve  divided  his  number  by  8. 

-I-  Phil.  Tnns.  1314,  p.  IH. 

J:  Essai  hur  la  Thcoric dca  PtoponiunB  Chimiquti.     Tnble  ut  Ihe  md. 

j  Annaii  of  FhiloiOfhy,  yi.  3M9.    Moslof  hie  numbers  are  deduced  ftoniBtridiu"'* 


t881.J  ^/4ke  Atoms  of  Copper,  Zime,  iyew,  MfaHg€me9ef  ^^  MS 

tt€^  achmmUy  as  far  as  the  bodies  at  present  under  our  revi^vr 
ire  concerned. 

I.  Copper. 

It  will  be  seen  from  the  preceding  table  that  Dr.  WoUastoa 
and  Dr.  Prout  consider  the  weight  or  an  atom  of  copper  to  be  4, 
while  I  make  it  8.  Both  the  numbers  of  these  gentlemen  and 
my  own  are  deduced  from  the  sulphate  of  copper^  or  hloe  vitriol, 
the  crystals  of  which^  by  a  careful  analysis^  1  have  found  co»-> 
[posed  as  follows : 

Sulphuric  acid 10*00 

Peroxide  of  copper 10*00 

Water 11-26 

31-25 

From  this  it  appears  that  the  salt  contains  equal  weights  of 
ticid  and  base,  and  that  9-25ths  of  its  weight  is  water.  Now 
the  weight  of  an  atom  of  sulphuric  acid  being  5,  it  is  obvious 
that  if  we  consider  blue  vitriol  a  compound  of  one  atom  acid  and 
one  atom  base,  an  atom  of  peroxiae  of  copper  will  weigh  5 
{exactly  the  same  as  sulphuric  acid),  and  consequently  an  atom 
of  copper  will  weigh  4»  This  is  the  reasoning  which  led  Wol-- 
Ittton  and  Prout  to  fix  upon  4  for  the  atomic  weight  of  copper* 

On  the  other  hand,  I  am  of  opinion  that  blue  vitriol  is  abisuL^ 
^ate  of  copper,  or  a  compound  of  two  atoms  of  sulphuric  acid 
and  one  atom  of  peroxide  of  copper,  and  that  its  compositioB. 
foay  be  thus  stated : 

2  atoms  sulphuric  acid •  =  10*00 

1  atom  peroxide  of  copper =  10*00 

10  atoms  wat^r ,  =  11*26 

31*25 

If  this  constitution  be  admitted,  it  is  obvious  that  an  atom  of 
peroxide  of  copper  must  weigh  10,  and  consequently  an  atom  of 
copper  8.  Now  the  reasons  that  lead  me  to  conclude  that  blue 
idtnol  is  a  bisulphate  of  copper  are  the  following  : 

(1.)  It  is  well  known  that  copper  forms  two  oxides  with  oxy- 
gen, the  red  and  the  black,  and  that  the  oxygen  in  the  black 
eoide  is  precisely  double  that  in  the  red  oxide.  Hence  I  think  it 
fikely  that  the  protoxide  is  a  compound  of  one  atom  copper  + 
one  atom  oxygen,  and  the  peroxide  of  on^  atom<  copper  +  two 
Moms  oxygen.  If  this  be  admitted,  an  atom  of  copper  must 
igh  8,  and  the  composition  of  the  oxides  will  be  as  follows  i 

Protoxide 8  copper  +  1  oxygen 

Peroxide   8  +2 

Dr.  Wollaston  and  Dr.  Prout  must  consVd^T  ^^\^%K3ft.^^^ 

q2 


I  jyr.Thomsan'i  Experiments  to  delermi lie  the  Weight  [April, 
of  copper  as  a  compound  of  one  atom  copper  +  one  atom  oxy- 
gen, and  the  protoxide  as  a  compound  ol  two  Litoma  copper  + 
one  atom  oxygen ;  so  that  their  constitution,  according  to  this 
view  of  the  subject,  is  as  follows  : 

Protoxide 8  copper  +  1  oxygen 

Peroxide 4  +1 

I  consider  my  view  of  the  subject  as  more  simple  and  more 
conformable  to  the  analogy  of  other  metals. 

(2.)  Blue  vitriol,  how  frequently  soever  we  crystallize  it,  or 
how  carefully  soever  we  wash  it,  always  reddens  vegetable  blaea, 
and  of  course  contains  an  excess  of  acid.  "Now  most  of  the  salts 
containing  two  atoms  of  acid  united  to  one  atom  of  base  that  I 
am  acquamted.with,  have  the  property  of  reddening  vegetable 
blues.    This  is  the  case  with 

Bisulphate  of  potash, 

Bisulphate  of  soda, 

Eitartrate  of  potash, 

Bin  oxalate  ot  potash. 

Alum, 
Md  various  other  biaalts  which  will  readily  occur  to  the  recol- 
lection of  the  practical  cherai&t.  Blue  vitnol  then  possesses  the 
characters  of  a  bisalt.  Hence  it  is  reasonable  to  conclude  that 
it  is  a  compound  of  two  atoms  of  acid  and  one  atom  of  peroxide. 
(3.)  There  exist  other  two  sulphates  of  copper  besides  blue 
ritriol,  both  of  which  I  have  repeatedly  obtained. 

If  you  dissolve  31'23  grs.  of  the  crystals  of  blue  vitriol  in 
water,  put  into  the  solution  10  grains  of  peroxide  of  copper  in 
the  state  of  a  fine  powder,  and  digest  the  whole  in  a  retort  on  a 
sand-bath  for  two  months,  the  whole  of  the  oxide  gradually  dis- 
appears, the  solution  becomes  colourless,  and  a  green  coloured 
powder  is  deposited,  which  is  a  neutral  sulphate  of  copper;  for 
it  contains,  as  is  obvious,  twice  as  much  peroxide  of  copperas 
Tblue  vitriol.  This  neutral  sulphate  has  no  effect  on  vegetable 
Hues,  and  is  insoluble  in  water;  but  it  dissolves  easily  in 
muriatic  acid.  If  we  analyze  it,  we  shall  find  it  to  consist  of 
one  sulphuric  acid  +  two  peroxide  of  copper  by  weight,  and  a 
■certain  quantity  of  water,  which  I  have  not  determined  with 
accuracy. 

If  into  a  solution  of  blue  vitriol  you  pour  a  quantity  of  sulphu- 
ric acid,  and  evaporate  the  liquid  sufiiciently  in  a  Wedgewood 
dish,  a  salt  is  deposited  in  smsJl  irregular  crystals  having  a  much 
lighter  blue  colour  than  blue  vitriol,  a  much  more  acid  and  acrid 
taste,  and  acting  more  powerfully  on  vegetable  blues.  This  salt 
is  slowly  dehquescent,  and  from  the  few  trials  to  which  1  have 
subjected  it,  I  haw  reason  to  consider  it  as  a  perquadri sulphate 
of  copper,  or  a  compound  of  four  atoms  of  sulphuric  acid  and 
cae  atom  of  peroxide  of  copper. 


1^1 .]    oftht  Atoms  of  Copper,  Zinc,  Iron,  Manganese,  4rr-    245 

The  existence  of  these  ihtee  salts^  similar  to  the  oxalate^ 
binoxalate,  and  quadroxalate  of  potash^  and  in  some  respect» 
similar  to  the  triple  oxalates  of  potash,  soda,  ammonia^  and 
copper,  discovered  and  analyzed  by  Vogel,  of  Bareuth,  leave 
little  doubt  in  my  mind  that  the  true  atomic  weight  of  copper 
is  8. 

(4.)  The  common  green  permuriate  of  copper  is  a  compound 
of  one  atom  peroxide  of  copper  and  two  atoms  of  muriatic  acid^ 
for  when  10  grs.  of  peroxide  of  copper  are  dissolved  in  muriatic 
acid,  and  the  liquid  evaporated  to  dryness,  a  brownish  yellow 
coloured  mass  remains,  which  weighs  exactly  17  grs.  It  is, 
therefore,  a  perchloride  of  copper  composed  of 

1  atom  copper =  8 

2  atoms  chlorine.  • . .  • =  9 

There  exists  likewise  a  protochloride  of  copper,  described  bj^ 
Boyle  under  the  name  of  rosin  of  copper,  and  since  particularly 
described  by  Proust,  Chenevix,  and  by  Dr.  Davy  who  an- 
alyzed it,  and  showed  it  to  be  a  compound  of 

1  atom  copper •  • .  •  =  8*0 

1  atom  chlorine  •.....•.••  =  4*5 

(5.)  There  is  reason  to  conclude  from  the  experiments  of  Bet-> 
melius,  that  sulphuret  of  copper  is  a  compound  of 

Copper , . .  •  • •  8 

Sulphur 2 

io 

So  that  an  integrant  particle  of  it  weighs  precisely  as  much  as 
the  peroxide  of  copper.  Now  it  is  well  known  that  an  atom  of 
'sulpnur  weighs  exactly  twice  as  much  as  an  atom  of  oxygen. 
Hence  the  sulphuret  must  be  a  compound  of  one  atom  sulphur 
+  one  atom  copper ;  and  if  so,  an  atom  of  copper  must  weigh  8. 

I  shall  now  proceed  to  show  that  the  composition  of  blue 
vitriol  is  exactly  as  I  have  stated  in  a  preceding  part  of  this 
essay ;  namely, 

2  atoms  sulphuric  acid.  .  • =   lO'OO 

1  atom  peroxide  of  copper ......   =   10*00 

10  atoms  water =   11*25 

31-26 
The  reader,  by  turning  to  a  former  paper  of  mine  {Annah  of 


Dr.  ThofnsuH'sl'.xpennietits  to  determine  the  Weight  [Apeu, 
Pkilosopky,  x\i,  33U),  will  find  that  chloride  of  barium  is  com- 
posed of 

1  al.om  chlorine =  4'5 

I  utom  barium =  8-75 

13-25 

And  that  when  this  sail  is  dissolved  in  water,  it  becomes  muriate 

of  harytes  composed  of 

1  atom  muriatic  acid , , . .   =  4-625 
1  atom  bai-ytes =  9*75 

14-376 

Disaolve  in  a  minimum  of  distilled  water  31-25  grs.  of  blue 
Titriol,  quite  pure,  dry,  and  in  crystaia.  In  another  vessel 
dissolve  13-25  x  2  =  26-3  gis.  of  chloride  of  barium.  Mix 
the  two  solutions  togethei-,  and  allow  the  mixture  to  stand 
till  the  precipitate  has  fallen  down,  and  the  superaataat  li<juor  is 
quite  clear.  Examine  this  liquor  by  mixing  it  with  muriate  rf 
jjtirytes  and  with  sulphate  of  eoda  in  two  separate  vessels.  If 
the  experiment  has  been  properly  conducted,  the  liquid  will  not- 
be  in  the  least  altered  by  either  of  these  reagents,  showing 
clearly  that  it  contains  neither  sulphuric  acid  nor  barytea. 
Hence  it  is  clear  that  the  quantity  of  sulphuric  acid  (two  atoms) 
in  31'25  gra.  of  blue  vitriol  is  just  saturated  by  the  quantity  ti^ 
'  baiytes  (two  atoms)  in'26-5of  chloride  of  barium.  If,  instead  of 
.31*25  grs.  of  blue  vitriol,  you  take  only  31  grs.  or  even  31-125 
gra.  the  liquid  will  be  found  to  contain  an  excess  of  barytes. 

If  31-25  grs.  of  blue  vitriol  be  dissolved  in  water,  and  a  plate 
of  zinc  put  into  the  solution,  the  copper  will  be  precipitated,  and 
it  will  be  found  to  weigh  exactly  eight  grains, 

II.  Zi,ic. 

Many  attempts  have  been  made  by  chemists  to  determine  with 
precision  the  aiomic  weight  of  zinc.  Those  of  Berzelius  and  my 
own  will  be  found  in  an  eaily  volume  of  the  Aiiiials  of  Philosh- 
phu.  I  bad  deduced  from  these  experiment&4-125as  theweigfat 
ofan  atom  of  zinc.  Dr.  Wollaston's  weight,  4-1,  may  be  const 
dered  as  nearly  the  same  with  mine.  Dr.  Prout  fixed  the  weight 
at  4,  chiefly  from  theoretical  considerations.  The  foUowiof 
experiments  will  show  that  alt  these  deteruai nations  are  under 
the  truth. 

Sulphate  of  zinc,  or  white  vitriol,  as  it  was  tbrnaerly  called,  is 
a  salt,  which  crystallizes  in  four-aided  prisms,  and  is  transpa- 
rent. It  may  be  freed  from  its  water  by  a  cautious  exposure  to 
a  red  heat ;  and  17  grs.  of  the  crystals,  when  thus  treated,  lose 
exactly  6-75  grs.     Of  course  the  residual  salt  weighs  10-25  grs. 

Dissolve   17  grs.  of  cj'yiitaU  of  sulphate  of  zinc  in  water. 
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JKaaoIre  in  another  portion  of  that  liquid  13*25  grg.  of  pux>e 
cdnloride  of  barium.  Mix  together  the  two  solutione,  and  let  the 
precipitate  subside.  The  clear  supernatant  liquid  is  neither 
affected  by  muriate  of  barytes,  nor  by  Buljpbate  of  soda ;  conse- 
quently it  neither  contains  sulphuric  acid  nor  barytes.  It  is 
obvious  from  this  that  17  grs.  of  sulphate  of  zinc  contain  exactly 
five  grs.  of  sulphuric  acid.  These  iacte  warrant  the  conclusion, 
that  the  composition  of  crystallised  sulphate  of  zinc  is  as 
follows :  , 

1  atom  sulphuric  acid s  5*00 

1  atom  oxide  of  zinc =  5*25 

6  atoms  water =  6*75 

17-00 

Thus  it  appears  that  an  atom  of  oxide  of  zinc  weighs  5'25  ; 
consequently  zinc  itself  must  weigh  exactly  4'25. 

It  may,  perhaps,  be  objected  that  my  method  of  determining 
the  quantity  of  water  m  tlie  salt  might  not  be  absolutely  cor- 
rect, as  I  had  no  means  of  determining  whether  the  residual  salt 
retained  any  water  or  not.  But  let  it  be  remembered  that  the 
sulphuric  acid  in  17  grs.  of  the  salt  is  exactly  five  grains,  that 
the  oxide  of  zinc  certainly  a^pproaches  five  in  weight,  and  that  if' 
ire  suppose  the  water  to  oe  increased  by  another  atom,  its 
weight  would  amount  to  7'875  grs.  leaving  only  4*125  for  the 
weight  of  an  atom  of  oxide  of  zinc,  which  we  are  perfectly  certain 
firom  preceding  experiments  is  greatlvr  below  tlie  truth.  It  can- 
not then  be  doubted  that  the  atom  of  oxide  of  zinc  weighs  5*25 ;, 
consequently  the  weight  of  the  atom  of  zinc  must  be  4*25,  or  a 
very  little  more  than  1  had  concluded  from  the  previous  experi- 
ments of  Berzelius  and  myself. 

III.  Iron. 

It  is  well  known  that  iron  unites  with  two  doses  of  oxygen, 
and  forms  two  oxides,  the  black  and  the  red ;  the  oxygen  in 
which  bear  to  each  other  the  ratio  of  2  to  3.  This  led  at  first  to 
the  supposition  that  the  black  oxide  of  iron  was  a  compound  of 
one  atom  iron  +  two  atoms  oxygen,  and  the  peroxide  of  one 
atom  iron  +  three  atoms  oxygen.  It  was  under  this  impression 
that  Mr.  Dalton  fixed  the  weight  of  an  atom  of  iron  at  &f ;  but 
when  we  examine  the  salts  of  iron,  we  do  not  find  themt  o  accord 
with  this  view  of  the  subject.  Thus  sulphate  of  iron(  aostracting 
Ae  water)  is  a  compound  of  5  sulphuric  acid  +  4*5  black  oxide 
of  iron.  Now  if  we  dissolve  9*5  grs.  of  anhydrous  sulphate  of 
iron  in  water,  and  20*75  of  drt  nitrate  of  lead  in  another  portion 
of  water,  and  mix  the  two  liquids  together,  we  find  that  two  new 
salts  are  formed,  both  of  which  are  neutral;  namely,  sulphate  of 
lead,  and  nitrate  of  iron ;  so  that  4*5  grs.  of  black  oxide  of  iron 
just  neutralize  6*75  grs.  of  nitric  acid.  We  can  have  no  doubt 
ftom  this  that  an  atom  of  protoxide  ofiiovi  Yr«\^a  V&«  oitXL^v:^ 
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8o.  It  was  the  knowledge  of  these  facta  that  led  Dr.  Wollaston 
to  pitch  upon  3'45,  and  Dr.  Prout  upon  3o,  as  the  atomic 
weight  of  iron. 

I  find  by  a  very  careful  analysis,  that  the  crystals  of  protosul- 
phate  of  iron  are  composed  as  follows  : 


1  atom  sulphuric  acid.  . . , 
1  atom  protoxide  of  iron.  , 
7  atoms  water 


For  17'376  grs.  of  this  salt,  when  dissolved  in  water  and  pre- 
cipitated by  muriate  of  bavytes,  give  14'75  grs.  of  sulphate  of 
barytes,  indicating  five  grains  of  sulphuric  acid.  Whenprecipi-  '  \ 
tated  by  ammonia,  and  the  precipitate  well  dried,  it  weighs  five 
grs.  of  peroxide  of  iron,  which  is  equivalent  to  4'3  grs.  of  protfli- 
ide  of  iron.  The  remaining  7'875  grs.  must  be  the  water  of 
ciystallization.  This  view  of  the  subject  is  confirmed  by  the 
foQowing  experiment : 

I  disaolved  17'375  grs.  of  the  crystals  of  protoaulphateof  iroa 
in  distilled  water:  13'25  gra.  of  chloride  of  barium  were  dissolved 
in  another  portion  of  water,  and  the  two  liquids  were  mixed- 
After  the  precipitate  had  subsided,  the  residual  liquid  was  neither 
affected  by  muriate  of  barytes,  nor  sulphate  of  soda.  It  is 
obvious,  therefore,  that  it  contained  neither  sulphuric  acid  nor 
barytes;  consequently  17-375  gra.  of  crystallized  protosulphats 
of  iron  contain  exactly  five  grs.  of  sulphuric  acid.  The  remain- 
-ing  12'375  grs.  consist  of  protoxide  of  iron  and  water.  It  may", 
.lerhaps,  be  objected  to  the  determinadon  of  the  weight  of  a* 
ai'om  of  protoxide  of  iron  at  4'5  from  this  experiment,  that  we 
^m',  not  absolutely  certain  that  the  portion  of  water  in  17'375 

EiEg,  of  these  crystals  is  exactly  7-876  gra.,  or  7  atoms  ;  but  the 
icts   ascertained  are  perfectly  decisive  on  this  point.     By  thB 
mi^yg.is  of  Berzelius,  the  water  in  17-375gr8,of  protosulphateof 
Iron  wf'gha  7-8b8  grs.     By  my  analysis,  it  weighs  7-819  gr». 
Now  ilfafc'  mean  of  these  two  numbers  is  7-863  grs.  which  is  only 
-j-^^ths  uf  a  grain  less  than  the  theoretical  quantity;  but  if  ths 
water  ia  tiris  salt  were  8  atoms  instead  of  7,  its  weight  wouli<' 
amount  to  9  grs.  instead  of  7*875  ;  and  only  3-375  grs,  wouU 
remain  for  the  oxide  of  iron  ;  but  we  are  perfectly  certain  that 
its  weight  greatly  exceeds  that  quantity.     It  is  evident  that  th|i '' 
quantity  of  water  in  the  salt  must  be  a  whole  number  of  atora8.t-| 
7-873  being  the  weight  of  seven  atoms  of  water,  and  the  liquid  fl 
-amounting  sensibly  to  th-at  quantity  as  nearly  as  can  be  esti-  J^ 
mated  by  experiment,  we  are  entitled  to  consider  it  as  the  exact  -I 
quantity ;   consequently   an   atom   of  protoxide  of  iron  muai  " 
weigh  4-5.     This  gives  3-5  for  the  weight  of  an  atom  of  iron^ 
almost  the  number  pitched  u.pou  b^  WoUaatoa,  and  Uie  v<  ~' 
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lumber  made  choice  of  by  Prout.    Berzelius's  nomber  is  cer- 
tainly too  small. 

It  deserves  to  be  mentioned  that  the  whole  of  the  iron  cannot 
be  precipitated  from  a  solution  of  protosulphate  of  iron  by  means 
of  phosphate  of  soda^  in  what  propoilion  soever  the  saUne  solu- 
tions are  mixed.  The  supernatant  liquid  contains  both  oxide  of 
iron  and  phosphoric  acid ;  for  it  strikes  a  blue  with  prussiate  of 

Eotash^  and  is  precipitated  white  by  nitrate  of  lead.     Indeed  I 
now  no  neutral  salt  capable  of  throwing  down  the  whole  of  the 
iron  from  a  solution  of  this  salt. 

It  is  not  very  easy  to  procure  protosulphate  of  iron  perfectly 
free  from  peroxide  of  iron.  The  best  way  seems  to  be  to  dissolve 
the  crystals  in  hot  water^  to  filter  the  solution,  and  impregnate  it 
with  sulphuretted  hydrogen  gas.  The  crystals  formea  in  such  a 
liquid  are  pure  protosulphate  of  iron.  The  mark  by  which  the 
purity  of  this  salt^  or  at  least  its  freedom  from  peroxide  of  iron, 
may  be  recognized  is^  that  prussiate  of  potash  precipitates  it 
white  instead  of  blue. 

IV.  Manganese. 

The  only  person  who  has  endeavoured  to  determine  the 
weight  of  an  atom  of  manganese  experimentally  before  me  is 
BerzeUus ;  and  his  determmation  (wnen  reduced)  differs  but 
little  from  mine;  for  3*55785^  though  a  complicated  number^ 
exceeds  3*5  only  by  a  very  small  fraction.  I  shall  describe  the 
experiment  which  I  consider  as  demonstrating  that  the  true 
weight  of  an  atom  of  protoxide  of  manganese  is  4*5.  Sulphate 
of  maii^anese  is  easily  obtained  by  dissolving  carbonate  of  man- 

f;anese  m  sulphuric  acid^  and  evaporating  the  solution  sufficiently. 
t  forms  beautiful  rhomboiila)  fiesh*coloured  prisms  which  are  not 
sensibly  altered  by  exposure  to  the  air.  After  a  few  preliminary 
trials  on  this  salt,  I  concluded  that  it  is  a  compound  of 

1  atom  sulphuric  acid =  6*0 

1  atom  protoxide  of  manganese.  . .   =  4*5 
6  atoms  water =  5*625 


16-125 

To  verify  this  conclusion,  I  dissolved  15*125  grs.  of  the  dry 
crystals  in  water ;  13*25  grs.  of  dry  chloride  of  barium  were 
dissolved  in  another  portion  of  water  ;  and  the  two  liquitis  were 
mixed  together.  After  the  precipitate  of  sulphate  of  barytes 
had  subsided y  the  supernatant  liquid  was  examined  by  means  of 
muriate  of  barytes  and  sulphate  of  soda.  It  was  not  affected  by 
either  of  these  reagents.  It  follows  from  this,  that  15*125  grs. 
of  sulphate  of  manganese  contain  exactly  5  grs.  of  sulphuric 
acid.  The  remaining  10*125  grs.  consist  of  water  and  protoxide 
of  manganese.  Now  Dr.  John  obtained  from  15*125  grs.  of 
sulphate  of  manganese  5*345  grs.  of  water,  i  myself,  from  the 
same  quantity  of  salt,  extracted  5'4&  gta.  oi  vi^lex.  ^^00^% 
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4]naDtity  is  onlv  oDe-fourth  of  ao  atom  of  water,  and  mine  ool^ 
one-eighlh  of  an  atom  of  water,  less  than  o-6"25  grs.  But  « 
neither  three-fourths  nor  seven-eigbths  of  an  atom  of  Tvater  can 
enter  into  combiuation,  we  are  entided  to  consider  ibe  tnie 
quantity  of  u'ater  present  as  5  atoms,  or  o'6'25  ^s.;  cons^ 

2ueDtly,  the  protoxide  of  mauganege  present  must  weigh  exactly 
■6  ers.  Thus  we  get  4-6  for  the  weight  of  protoxide,  and  3-fi 
for  Uie  weight  of  mangattese  in  the  me^ic  state. 

Thus  we  see  that  the  atomic  weights  of  iron  and  maDgaoese 
are  the  tianie. 

y.  Nickel. 
I  am  not  certaia  that  any  chemist  has  taken  the  trouble  to 
make  an  accurate  analysis  of  sulphate  of  nickel.  It  is  a  sdt 
which  crystallizes  in  beautiful  four-sided  prisms,  and  is  not 
altered  by  exposure  to  the  atmosphere.  I  find  that  17'125  ^. 
of  this  salt,  when  dissolved  in  water,  and  mixed  with  a  soluboi 
of  llJ-S'i  grs,  of  chloride  of  barium,  let  i all  sulphate  of  baryta; 
and  the  clear  liquid,  after  the  precipitate  has  fallen  to  the  bot^ 
toiii,  is  neither  affected  by  muriate  of  barytes,  nor  by  sulphate  ' 
of  soda ;  consequently,  it  neither  contains  sulphuric  acid  nor 
barytes.  It  is  clear  from  this,  that  17' 126  grs.  of  the  salt  cod- 
tain  exactly  6  grs.  of  sulphuric  acid.  When  17- 125  grs.  rf 
crystallized  sulphate  of  nickel  are  exposed  to  a  red  heat,  th^ 
■uitain  a  loss  of  weight  varying  from  7-8  grs.  to  8  gra.  No» 
the  weight  of  7  atoms  of  water  is  7'875,  wbicb  agrees  almoBt 
exactly  with  the  loss  of  weight  found  by  experiment.  It  is 
obvious  from  this  that  17'125  grs,  of  this  salt  are  composed  u 
follows : 

1  atom  sulphuric  acid =  5-0 

1  atom  protoxide  of  nickel =  4*25 

7  atoms  water =  7-876 

17-125 

Thus  it  appears  that  protoxide  of  nickel  weighs  4'25 ;  conse- 
quently the  weight  of  an  atom  of  nickel  must  be  3'23. 

VI.  Coba/l. 
The  difficulty  of  obtaining  this  metal  in  a  state  of  purity  h» 
hitherto  retarded  the  exact  determination  of  its  atomic  wei^ 
I  took  a  quantity  of  oxalate  of  cobalt,  which  I  had  purified  bf 
Laugier's  process,  exposed  it  to  a  red  heat  in  a  platinum  cruc* 
ble,  and  then  dissolved  it  in  sulphuric  acid.  By  the  requisiU 
concentration,  the  sulphate  of  cobalt  is  obtained  in  small  rel 
prismatic  crystals,  which  are  not  sensibly  altered  by  exposuH 
to  the  air.  They  may  be  exposed  to  an  incipient  red  heatwilJi» 
out  losing  any  of  their  acid,  provided  we  take  care  to  raise  tbi 
heat  slowly,  and  not  to  carry  it  too  far.  By  this  method  I  WBl 
mb/Of  after  a  little  practice,  Ui  dei^nre  VWio.  e'cdund.']  of  tfaoir 
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rater  of  crystallization,  while  they  still  continued  completely 
toluble  in  water,  and  of  course 'had  lost  no  sensible  quantity  of 
^ir  acid.  After  various  trials  I  found  that  9*25  grs.  of  this  dry 
nit,  when  dissolved  in  water  and  mixed  with  a  solution  of  13*2S& 
prs.  of  dry  chloride  of  barium,  left  a  liquid  which  was  neither 
iffected  by  muriate  of  barytes,  nor  sulphate  of  soda^  and  of 
Qourse  contained  neither  sulphuric  acid  nor  barytes ;  therefore 
Bf*25  grs.  of  dry  sulphate  of  cobalt  contain  5  grs.  of  sulphuric 
acid ;  consequently,  the  anhydrous  sulphate  must  be  a  com- 
pound of 

1  atom  sulphuric  acid =  5*0 

1  atom  protoxide  of  cobalt =e  4*25 

Protoxide  of  cobalt  then  weighs  4-25.  Hence  an  atom  of 
^cobalt  must  i^eigh  3*25. 

We  see  that  cobalt  and  nickel  have  exactly  the  same  weight. 
From  the  table  at  the  be^nning  of  this  paper,  we  see  that  Ser- 
zelius  gives  the  weights  of  these  two  metals  almost  the  same,  viz. 

Nickel 3*69755 

Cobalt 3-69000 

But  these   atomic   weights  are   considerably  higher  than  the 
truth. 

From  the  preceding  experiments,  I  consider  myself  warranted 
to  conclude,  that  the  atomic  weights  of  the  six  metals  which 
have  occupied  our  consideration  in  this  paper  are  as  follows  : 

Oxygen  —  1.        H3rdT0gen  —  1. 

Copper 8-0  64 

Zinc 4-25  34 

Iron 3-5  28 

Manganese 3*5  28 

Nickel 3-25  26 

Cobalt 3-25  26 

Thus  it  appears  that  these  six  metals,  like  the  14  other  bodies 
previously  subjected  to  examination,  have  atomic  weights  which 
are  multiples  of  hydrogen :  so  that  if  we  reckon  hydrogen  by 
luiity,  they  are  all  whole  numbers.  If  weinspectthetableofatomic 
weights  when  oxygen  is  unity,  we  may  observe  that  ttie  atomic 
weight  is  either  a  whole  number,  or  a  whole  number  together 
with  one  or  other  of  the  three  following  fractions,  -f,  ^^  |-.  The 
atomic  weights  would  stiU  continue  multiples  of  the  atom  of' 
hydrogen  (0*125),  though  they  consisted  of  numbers  terminating 
in  the  fractions  ^,  h  h  i'  ^^^  these  fractions  seem  to  be 
exclad^d,  at  least  as  far  as  our  observations  have  yet  gone.  The 
eonsequeace  of  this  is,  that  when  the  atom  of  hydrogen  is  unity, 
liie  atomic  ymghls  of^Uik^  o4her  «i«i(\Q  \)odiea)asd3EM»W  ^iu^ 
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mined  are  even  ntimbers.     It  is  obvious  that  this  rule  cannot 
apply  to  those  atoms  of  compnimd  bodies  which  contain  hydro- 

fen  as  a  constituent.  Thus  the  weight  of  an  atom  of  water  is 
■125,of  an  atom  of  muriatic  acid  4-625,  of  an  atom  ofammoni* 
2'125.  in  the  tables  inserted  at  the  end  of  the  last  edition  of 
my  System  of  Chemistry  many  exceptions  to  this  law  occur. 
Tne  reason  of  this  is,  that  though  aware  of  the  law,  I  did  not 
choose  to  alter  any  of  the  atomic  weights  previously  determined 
till  I  had  satisfied  myself,  by  unexceptionable  experiments,  that 
the  old  numbers  are  erroneous.  1  have  little  doubt  that  the 
atoms  of  bismuth,  tin  and  antimony,  and  aluminum,  are  inacca- 
rate,  though  I  have  not  hitherto  hit  upon  any  mode  of  determin- 
ing the  true  atomic  weights  of  these  bodies,  which  is  quite  ftw 
from  ambiguity.  The  weight  of  bismuth,  instead  of  being  8'875, 
as  I  have  given  it,  is  either  9,  or  9'25;  I  am  not  quite  sure  at 
present  which  of  the  two  ;  but  as  soon  as  I  have  obtained  salifr 
factory  results  for  these,  and  the  other  simple  bodies  hitherto 
r  undetermined,  I  shall  lay  them  before  the  public. 


Article  II. 

Analysis  of  a  Native   Carlmnate  of  Magnesia  from  the  Eati  ™ 
'Indies.     By  William  Henry,  MD.  FRb.  &c. 

.  (To  the  Editor  of  the  Annals  of  I'hilosopht/.) 

H  Mtinchciier, March,  IStl. 

F  I  WAS  indebted  to  the  kindness  of  Dr.  Babington  for  a  speci- 
men of  this  mineral.  He  informed  me  that  it  was  brought  by 
his  son  from  the  East  Indies ;  but  as  he  has  given  me  no 
account  of  its  geographic  situation  or  geognostic  relations,  I 
can  only  describe  its  external  characters,  and  state  the  rcBulla 
of  its  chemical  analysis. 

It  occure  massive.  Its  colour  is  snow-white,  with  the  excep- 
tion of  a  few  small  dots  and  stripes  of  ochre  yellow.  Its  fractoR 
is  small  conchoidal  passing  into  uneven.  It  gives  sparks  wift 
steel,  and  is  not  easily  scraped  by  a  knife, but  is  not  hard  enough 
to  scratch  fluor  spar.  Its  fragments  are  sharp  edged,  Inte^ 
nally  it  has  no  lustre.  It  is  very  slightly  translucent,  and  that 
only  at  the  edges.     Its  specific  gravity  is  2'56I5. 

It  dissolves  in  acids  at  ordinary  temperatures  with  extrefflt 
slowness,  even  when  finely  powdered,  and  whatever  may  be  Uffl 
specific  gravity  of  the  acid  ;  but  by  heat  its  solution  is  quiet 
ened,  and  carbonic  acid  is  disengaged.  This  property  is  iB 
obstacle  to  the  determination  of  its  proportion  of  carbonic  acift 
which  cannot  well  be  learned  m  ftva  cusowaoTi  vib.'j  ,    To  waca^ 
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ain  it,  I  passed  a  fragment,  weighing  a  few  grains,  into  a  jar 
averted  over  mercury,  and  let  up  a  sufficient  quantity  of  dilute 
mlphuric  acid,  the  full  action  of  which  required  more  than  a, 
ireek.  Carbonic  acid  was  disengaged  at  the  rate  of  1*1  cubic 
nch  from  every  grain  of  the  stone ;  and  reckoning  100  cubic 
ncfaes  of  cdrbonic  acid  at  a  mean  temperature  and  pressure 
=  46'5  grs,  100  grs.  of  the  mineral  would  yield  61  grs.  veiy 
nearly  of  the  acid  gas. 

One  hundred  grains,  reduced  to  powder  and  calcined  in  a  suf- 
ficient heat,  lost  51*5  grs.  A  similar  quantity  being  heated  to 
redness  at  die  bottom  of  a  long  glass  tube,  tne  upper  and  cool 
part  of  the  tube  just  exhibited  a  visible  degree  of  moisture, 
which  could  not  amount  to  nearly  a  grain  in  weight. 

One  hundred  grains  were  dissolved  in  heated  and  diluted  sul- 
phuric acid,  with  the  exception  of  1*5  gr.  The  insoluble  part 
was  not  acted  upon  by  being  boiled  to  dryness  with  nitromunatic 
acid,  or  with  solution  of  potash,  and  when  examined  by  a  mag- 
nifier seemed  to  me  to  be  a  fine  siUceous  sand.  The  solutioa 
being  evaporated,  and  the  product  heated  to  redness,  gave  140 
grs.  of  dry  sulphate  of  magnesia,  equivalent  at  33  per  cent,  mag- 
nesia to  46  grs.  of  that  earth. 

One  hundred  grs.  dissolved  by  an  excess  of  nitromuriatic  acid, 
left  the  same  proportion  as  before  of  insoluble  matter.    The 
solution  was  evaporated  to  dryness,  redissolved  in  water,  and 
art  of  the  magnesia  which  had  separated  was  again  taken  up 
y  muriatic  acid,  carefully  added,  so  as  to  be  very  slightly  in 
excess.     From  one  half  of  the  solution,  subcarbonate  of  potash 
precipitated,  at  a  boiling  temperature,  carbonate  of  magnesia^ 
which,  when  washed,  dried,  and  calcined,  gave  23  grs.  of  the 
pure  earth,  equal  to  46  grs.  of  magnesia,  from  100  of  the  stone. 
The  other  half  afforded,  with  a  mixture  of  phosphate  and  carbon- 
ate of  ammonia,  a  precipitate  which,  after  being  heated  to  red- 
ness, left  60  grs.  of  phosphate  of  magnesia,  equivalent  (if  the 
base  in  100  grs.  of  that  salt  be  reckoned  at  38*5  grs.)  to  26  grs. 
of  magnesia,  or  to  46  from  100  of  the  stone,  thus  confirming  the 
other  methods  of  analysis.  < 

The  absence  of  lime  and  alumine  was  inferred  from  the  non- 
action of  the  proper  tests  of  those  earths  on  a  solution  of  the 
stone  in  muriatic  acid,  rendered  just  neutral  by  ammonia.  I  am 
aware,  however,  that  a  minute  proportion  of  lime,  existing  in 
any  solution  along  with  a  considerable  proportion  of  magnesia, 
is  not  discoverable  by  the  usual  tests.  Of  this,  any  person  may 
be  satisfied  by  mixing  a  saturated  solution  of  sulphate  of  Ume 
with  an  equal  bulk  of  solution  of  sulphate  of  magnesia  ;  for  the 
mixed  solutions  are  not  rendered  turbid  by  oxalate  of  ammonia, 
either  immediately,  or  on  standing.  It  is  possible,  therefore,  that 
the  mineral  may  contain  a  very  small  proportion  of  lime,  though 
I  did  not  discover  any  by  analysis.  The  muriatic  solution 
showed^  on  applying  the  proper  tests,  a  miuule  \x^c^  o^Vtow* 
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From  the  experiments  which  hava  been  described,  t^e  raiaeral 
under  examination  may  be  pronounced  to  be  an  almost  pme 
carbonate  of  magnesia,  composed  in  100  grains  of 

K  Magnesia , . , .  46-0 
I  Carbonic  acid 61-0 
Insoluble  matter 1-5 
Water ^0-5 
Loss 1-0 
100-0 

The  acid  and  base  are  in  atomic  proportion,  and  the  stODeig 
constituted  of  one  atom  of  eacb ;  for  as  46  to  61 ,  so  very  nearif 
is  24'6  to  27-5,  the  numbers  -which,  on  Dr.  Wollaston's  scale, 
denote  the  equivalents  of  magnesia  and  carbonic  acid. 

1  avail  myself  of  this  opportunity  of  expressing  my  doidA 
whether  such  a  salt  as  the  hkarhoimte  of  magriesea,  coustitutel 
of  one  atom  of  base  and  two  atoms  of  acid,  really  exists.  Tlui 
doubt,  it  is  true,  is  founded  on  the  examination  of  a  single  speci> 
men  of  a  salt  prepared  by  myself  several  yeara  ago.  It  wis 
formed  by  mixing  a  dilute  solution  of  sulphate  of  magnesia  witk 
a  solution  of  carbonate  of  soda  highly  charged  with  carbonic  acid 
aoder  pressure.  No  immediate  change  occurred ;  but  atier  a  few 
dftys,  small  hemispherical  masses,  consisting  of  congeries  of 
crystals  radiating  from  a  common  centre,  had  formed  on  tJie 
inner  surface  of  the  vessel.  Having  a  few  of  these  left,  I  hsTa 
lately  again  examined  them,  and  find  them  composed  of  base  29, 
acid  30,  and  water  41.  These  proportions  ot  acid  and  base, 
perhaps  from  some  trifling  impurity  of  the  salt  (on  which',  hav" 
ing  now  exhausted  my  whole  stock,  1  cannot  make  any  more 
experiments)  do  not  exactly  agree  with  thg  carbonate  ;  but  they 
are  very  remote  from  those  that  should  constitute  a  bicarbonate. 
Should  any  of  your  re-aders  have  prepared  and  analyzed  a  true 
bicarbonate  of  this  earth,  the  information  will,  perhaps,  be 
acceptable  to  others  as  well  as  to  myself. 


Article  III. 


On  the  Red  Hock  Marie,  or  Netcer  Red  Sandstone. 
^  By  the  Rev,  J.  3.  Conybeare. 

^^  (To  the  Editor  of  the  Atmah  of  Philosophy.) 

MY  DEAR  SIR,  Bath  £atioi>,  Fth.  15,  1881. 

If  the  following  remarks  on  one  of  the  British  strata,  whick 
has  as  yet  been  but  imperfectly  described,  appear  to  you  worthy 
^  Jif  insertion,  they  are  much  at  yout  aeWvce.    ^Q-mK -^-rt%  <jf  tM 
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}etail  may»  perhaps/ be  thought  too  mii^ute,  but  it  would,  I  con- 
€M»y  be  my  own  wish,  had  I  thh  power  and  opportunity  to  render 
'hem.  yet  more  so.  It  is  even  at  this  day  only  by  the  diUgent 
iccumulation  of  facts  (and  not  unfrequently  of  those  which  may 
seem  at  first  the  most  insulated  and  insignificant)  that  we  can 
hope  to  obtain  materials  for  the  accurate  history  of  the  globe 
which  we  inhabit.     Believe  me,  my  dear  Sir, 

Yours,  with  much  esteem, 

J.J.  CONYBEARE. 


The  series  of  strata  distinguished  by  geologists  as  the  red 
Tock  marie,  or  newer  red  sandstone^  occupies^  as  is  well  known, 
a  considerable  tract  in  the  county  of  Devon.  Its  geological 
character  and  relations  have  been  noticed  by  Deluc  and  others, 
and  more  than  one  opinion  has  been  given  as  to  the  nature  and 
(Migin  of  its  contents,  which,  with  a  most  sincere  respect  for 
those  from  whom  they  have  proceeded,  I  can  scarcely  regard  as 
compatible  with  the  results  of  a  diligent,  though,  perhaps,  a  too 
partial  examination.  A  shoi*t  residence  at  Dawlish  afforded  me 
the  opportunity,  as  well  of  observing  the  various  aspects  of  the 
rock  itself,  which,  on  that  part  of  the  coast,  offers  large  and 
uninterrupted  sections,  as  of  forming  a  tolerably  complete  series 
of  the  different  substances  imbedded  in  the  strata  which  extend 
from  thence  to  Teignmouth. 

In  these  strata  the  rock  exhibits  itself  under  the  several  cha* 

racters  of  a  sandstone,  either  loosely  compacted,  or  altogether 

pulverulent ;   a  marie,  more  or  less  indurated ;  and  a  breccia 

CoiiH)osed  of  fragments  of  various  sizes.     Near  to  Dawlish,  the 

sandy  form  is  more  frequent,  towards  Teignmouth  the  breccia, 

the  base  of  which  is  usually  marie,  of  an  unctuous  and  argillaceous 

character.    The  marie  has  frequently  those  patches  of  white  and 

purple,  which  have  been  often  noticed  as  characteristic.    The 

mineral  contents  of  the  rock  seem  to  be  few.     Calcareous  spar 

occurs  in  small  patches  a  little  south  of  Dawlish.     Gypsum  I 

could  not  detect  either  here  or  under  .the  elevated  plains  of 

Haldon.     On  Blackdown,   however,  I  have  found  it  in  small 

nodules.     A  sand  suflSciently  charged  with,  and  indurated  by 

iron,  to  be  termed  ironstone,  traverses  in  all  directions,  the  cUff 

to  the  north  of  Dawlish  (see  Deluc,  vol.  ii.  p.  85),  and  the  earthy 

brown  oxide  of  manganese  is  found  in  numerous  small  cavities 

nearly  through  the  whole  range  of  the  coast.     In  one  instance  I 

detected  a  small  portion  of  the  black  oxide  of  cobalt,  precisely 

resembling  that  found  at  Alderley  edge  (Cheshire)  in  the  same 

strata.*     nut  the  most  remarkable  feature  in  the  rock  appears  to 

*  I  am  indebted  to  the  Rev.  the  I>ean  of  Bristol  for  an  addition  to  this  meagre  cata- 
logue.   Thai  gentleman  has  had  the  kindness  to  forward  me  some  spedmeos  of  chaloe-^ 
doDTf^  whidi  lie  diaeoTeied  in  this  rodi  not  fax  from  Torqua|:.    It  i&  ooKnib^  «[Miv^p^«tt% 
under  tbeibnn  of  spherical  nodules  either  hollow  oxin^eBdng-got^iA^^^xcai^^^a^ 


Rev.  Mr.  Coiii/beare  on  the 
be  the  variety  of  substances  contained  in  its  brecciated  forri 
Deluc  has  mentioned  two  only  of  these,  the  limestone  and  grey« 
wacke,  though  be  insinuates  that  there  are  others,  and  appeMi 
(if  I  rightly  understand  theparagraph)toapprehend  that  ofthea 
the  limestone  only  can  be  traced  to  any  neighbouring  rock,  a: 
opinion  which,  in  its  full  extent,  seems  untenable.  The  followin 
catalogue  presents  a  tolerably  faithful  description  of  the  fraj 
ments  occurring  in  the  breccia  of  Dawlish  and  Teignmouth,  w' 
the  addition  of  some  few  from  other  quarters. 

Granite  and  Porphuritk  Rocks. — These  form  a  very  considee 
able  portion  of  the  imbedded  fragments.   A'.  A  minute  aggreg» 
tionofpale  reddish-brown  crystalline  felspar,  quartz,  and  comma! 
schorl.     A".  Same  with  felspar,  somewhat  darker,  and  mon 
crystalline.   A'.  Same  mixture,  with  lighter-coloured  felspar,  am 
the  schorl  distributed  in  small  contemporaneous  veins,  as  wellae 
intermixed   in  tlie  mass,     B.  Felspar   same   as  A  nodules  of  I 
quartz,  and  minute  portions,  apparently  crystalline,  of  c/iloritV'f 
Structure  semiporphyritic.     C '.  Minute  aggregate  of  earthy  fd»*J 
spar,  of  a  pale  dirty-red,  quartz,  and  chlorit.     C".  Same  with  thflV 
felspar,  less  earthy,  and  of  a  deeper  red.     D,  Porphyritic  bas(^ 
of  a  purplish-white,  apparently  a  minute  aggregation  of  earth| 
felspar  and  quartz,  imbedded  quartz  in  small  nodules,  and  son 
crystalline  felspar  (semi vitreous),     D'.  The  same  with  the  quai" 
somuchpredominantinits  base  as  to  give  it,  at  first  sight,  tl 
aspect  of  a  sandstone,  or  gTeywacke.*     D',  Same  with  JmbeJ 
ded  semisitreouB  felspar,  and  common  felspar  in  various  sta" "^ 
of  decomposition  (from  the  bed  of  the  river  Exe).     D*.  B 
more  felspathic,  and  of  a  deeper  purple,  much  disintegrated 
with  the  exception  of  the  semivitreous  felspar.     Many  cavitie 
filled  with  earthy  felspar.     D^  Porphyry,  base  compact  feispaii 
of  a  greyish- white,  having  imbedded  small  nodules  of  quart^ 
and  penetrated  by  numerous  cavities,  apparently  left  by  the  dis 
integration  of  crystals  of  felspar,  and  the  loss  of  the  powdel^ 
matter    so    produced.       (This   remarkable    character   I    hav 
observed  in  more  than  one  porphyry  from  Cornwall.)     E.  Bast 
a   minute  aggregation   of  earthy  felspar,  quartz,  and   chlorit 
coloured  green  by  the  latter,  imbedded  minute  crystals  of  BestI 
coloured  felspar,  and   small  nodules   of  quartz.     {Descent  d 
Haldon  on  the  eastern  side.)     AH  these  occur  in  various  stage 
of  disintegration.     Those  prophyries  approaching  the  nearest  ii 
colour  to  the  marie  which  sniTounds  them  are,  when  far  advaocel 
in  this  state,  not  readily  distinguishable  from  that  substance,  tb^ 
outline  of  the  original  fragment  being  so  broken  down  and  lost,,' 
that  it    appears    to   pass   insensibly  into  the  imbedding  mass. 
Hence,  perhaps,  som  egeologists,  of  no  inconsiderable  authority, 
have  been  induced  to  suspect  that  these,  and,  by  consequence, 

■  It  is  diidnguiahable,  however,  by  its  fusing  readily  before  ihe  blow-p 
vitreous  globule.  On  brenkiiig  too  tlie  Uig^i  TneKW,  (^  inteiior  in  found  to 
what  more  felffiOac 
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le  other  fn^ments  imbedded  in  the  red  marie  were  of  a  forma^ 
on  contemporaneous  with  itself.*  A  minute  and  accurate 
ispectioh  of  the  coast  between  DawUsh  and  Teignmouth  must, 
owever,  I  think,  convince  us  of  the  truth  of  the  commoner,  or 
t  least  earlier,  opinion  which  regards  them  as  derived  from  the 
reaking  up  of  the  inferior  strata.  Other  fragments  imbedded 
I  the  marie  are  greywacke,  or  compact  sandstone.  F'.  Compact 
reywackey  of  a  dirty-white,  much  ironshot,  having  the  aspect  of 
.  sandstone  with  a  very  small  intermixture  of  argillaceous  matter. 
^.  Compact  grei/wacke,  quartz  more  predominant,  and  closely 
t^regated  ironshot  throughput  of  a  reddish-grey.  F'.  Same,  of 
k  greyish-black,  with  contemporaneous  veins  of  white  quartz. 
}*.  Jolack  compact  siliceous  r\ck,  of  a  very  close  texture,  resem- 
Ang  lydian  stone.  G^.  The  )uime  intersected  in  all  directions 
yf  small  veins  of  ragged  quartz,  so  as  nearly  to  resemble  a  brec- 
cia, occasional  cavities  filled  with  brown  manganese  ochre. 
B.  Small  fragments,  apparently  of  the  reddisli  greywacke  slate^ 
provincially  termed  shitlat.  This  list  might  bo  increased  by  the 
enumeration  of  some  more  trifling  varieties  in  the  compact  grey- 
wacke. Calcareous  rock,  l^  ^emicrystalline  limestone,  of  a 
dirty-white,  without  organic  remains.  (Near  the  headland 
termed  the  parson  and  clerk.)  P.  Dark  grey  limestone,  without 
<»rganic  remains,  near  Teignmouth.  P.  Same,  full  of  coralloids. 
SiuDie  spot. 

It  may  be  added,  that  insulated  fragments,  and  occasionally 
crystals  of  semivitreous  felspar  are  met  with  in  the  marly  beds. 
A  pit  near  Exeter  afforded  me  an  interesting  specimen  of  three 
inacles  united  in  a  single  groupe.  Generally  tnis  variety  of  fel- 
spar seems  to  have  resisted  the  action  of  those  causes  which 
have  produced  the  disintegration  of  its  parent  rock. 

The  fragments  which  I  have  attempted  to  describe  are,  for 
the  most  part,  mixed  promiscuously  in  the  same  strata.  Occa- 
sionally particular  substances  predominate,  but  rarely,  or  never 
(as  far  as  my  observation  went)  to  the  total  exclusion  of  all 
others.  The  porphyritic  and  quartzose  fragments  have  usually 
their  angles  but  slightly  rounded  ;  in  some  cases,  not  even  per- 
ceptibly so.  The  calcareous  portions  have  generally  more  the 
appearance  of  being  worn  (as  would  from  their  softness  be  the 
case)  by  attrition.  These  facts,  added  to  the  consideration  that 
the  porphyritic  or  felspathic  portions  bear  no  resemblance  to  the 
)nly  solid  rock  which  appears  to  be  subordinate  to  this  forma- 
ion  (namely,  the  amygaaloid  of  Thorverton)  will,  perhaps,  be 
efficient  to  establish  the  mechanical  origin  of  the  breccia  in 
question.  We  shall  then  have  to  inquire  whence  its  contents 
uight  be  derived. 

The  calcareous  fragments  bear  a  resemblance  sufficiently  close 
bo  the  limestones  of  Chudleigh  and  Babicomb.     A  limestone 

*  See  Dr.  Kidd*s  Essay,  p.  109.  I  have  every  reason  to  believe  that  ia  thuoi^iEdAtL 
wj  respected  fnend  wm  by  no  means  smgolar. 

New  Series,  roh.  i.  r 


Rev.  Mr.  Congbeare  on  Ike  [Apw 

ire  abuodant  in  coralloids  is  found  yet  nearer  in  the  nelgktl 
lOurhood  of  Lindridge.  The  limestone  also  of  Bick.ingtoa,  q«{ 
'iBhljurton,  contains  many  of  these  fossils.    The  fragment^  A 
le  greifuiadie  class  may  readily  be  traced  to  the  rock&  of  l] 
tecies  nhi(^  lie  in  most  places  imniediately  beneath  the  hum 
rj^id  with  which  indeed  the  transition  limestones  of  the  coon 
t|We  iuterstralified.     Of  the  granitic  and  porphi/riiic  fragmei 
^ose  marked  A,  1,  2,  3,  have  all  the  characters  of  a  rockj 
'tpiently  occurring  on  the  confines  of  the  Dartmoor  granite,  f 
*"   it  unfrequently  intermixed  either  as  veins  or  irregular  niitsi 
ith  with  that  rock  and  with  the  neighbouring  schistus.     Iti 
found  thus  distributed  a  little  beyond  Bovey  Tracey.     I U 
_;t  with  aggregates  nearly  similar  at  the  junction  of  gr" 
'^^Id  schist  at  Ivy  Bridge,  and  at  Buckland  in  the  Moor, 
remaining  felspathic  fragments  1  have  httle  hesitation  in  lef 
ring  to  that  class  of  rouks  which  are  known  by  the  name 
Elvana,  and  found  in  numbeiless  instances  traversing  the  md 
iiferous  slate  of  Devon  and  Cornwall.     In  the  latter  conn 
^eyhave  been  more  frequently  observed,  both  from  the  ete^ 
iHeat  of  those  sections  of  the  Killas  which  are  offered  by 
^asts,  and  the  frequency  and  magnitude  of  the  excavations  nil 
ty  the  miner.     In  Devon  I  have  noticed  them  near  TavistOi 
near  Buckland  Monachomm,  and  in  the  course  of  the  W 
Okement,  and  have  no  doubt  that  they  might  he  detected 
various  other quarters.especially  near thejunctions  ofthegranit 
and  slate.     Toe   only   instance  of  dissimilarity  which   I  faaf^ 
observed  is  the  occuiTence  in  some  cases  of  large  crystalline 
masses  of  the  felspar,  which  I  have  termed  seniivitreous,  i 
stated  to  form  a  part  of  the  rocks  marked  D  1,  2,  3,  4. 
limited  collection  of  Elvans  does  not  alFord  any  analogous  3i_ 
cimen,  but  when  we  remember  that  nearly  every  mine  in  CoiB 
wall  presents  one  or  more  I'aiieties  ofthis  rock,  and  how  endle 
are  the  minute  shades  of  difference  which  characterize  theoif  ■ 
will,  I  think,  be  allowed  that  there  is  nothing  improbable  in  til 
supposition  that  the  whole  contents  of  this  breccia  have  bei 
furnished  by  the  inferior  rocks  of  its  immediate  neighbourhood," 
by  those,  perhaps,  whose  edges  are  yet  covered  by  it  at  a  deplh 
to  which  our  labours  and  investigations  have  but  little  chance 
ofpenetrating. 

You  will  scarcely  need  to  be  reminded  tliat  Mr.  Leonard  B  . 
ner  arrived  at  a  like  conclusion  from  his  examination  of  £| 
rock  marie  and  adjacent  strata  in  Somersetshire.*  It  atrs4 
me  as  singular  that  among  the  fragments  which  fell  under  a 
inspection  I  observed  no  traces  of  hornblende  rock,  orgree' 
stone,  although  the  latter  especially,  and  in  some  iostano 
small  portions  of  the  former  are  to  be  found  on  the  borders  a 
Dartmoor.    The  cliffs  of  Henoch  present  so  large  and  striki" 

■  See  &HAo|^ciil,Tt«nMetii)Q>,  toL  ia. 
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Ispeciinen  of  greenstone  as  long  ago  to  have  attracted  notice, 
nd  the  town  of  Bovey  Tracey  stands  on  a  rock  of  the  same 
tatOre. 

I  1  forbear  to  speculate  on  the  probability  that  the  whole  extent 
If  the  red  marie  was  produced  by  the  degradation  of  the  rocks 
Ihich  have  left  their  fragments  still  imbedded  in  its  mass,  llie 
Mai  absence  of  those  oTjganic  remains,  which  occur  so  aband- 
July  in  the  strata  immediately  below  as  well  as  above,  and  the 
IbDeral  want  of  consolidation  in  its  various  and  heterogeneous 
■da,  certainly  argues  that  its  formation  took  place  under  dif- 
kent  circumstances,  and  by  a  different  process  from  that  of  the 
kbjacent  slate  and  limestone,  or  the  superincumbent  lias.  The 
■rata  at  Dawlish  are  not  everywhere  of  uniform  thickness  ;  tiiey 
■p  at  an  an^le  hardly  exceeding  15  to  S.E.  by  S,  On  this 
■Mat  they  are  usually  capped  by  the  debris  of  the  green  sand 
pnnation  which  covers  the  neighbouring  heights  offlaldon.  At 
Bawlish  these  debris  are  much  more  plentiful  than  at  Teign- 
Booth.  It  may  he  remarked,  that  v.hile  th«y  cover  so  large  a 
■pace  towards  the  coast,  they  are  of  much  scarcer  occurrence 
Bi  the  plain  of  Bovey,  which  lies  under  the  opposite  dechvity  of 
Baldon.  Some,  however,  apparently  water  worn,  are  found  on 
Biat  tract.  I  cannot  conclude  without  expressing  a  wish  that 
ifce  whole  extent  of  this  formation  were  carefully  examined  by 
■ome  abler  and  more  instructed  observer. 


I  Jneio  Methdd  of  coiijitrucltfig  geometrically  the  Cmtes  of  Spkeri- 
I  cal  TrianirUs  by  a  Developement  of  their  Parts  in  Piano.  By 
f-    Mr.  W.  L.  Birkbeck.     (With  a  Plate.) 

(To  the  Editor  of  the  Annals  of  Philosophy.) 
glK,  '  London,  March  IQ. 

The  advantage  of  constructions  as  means  of  checking  the 
calculations  of  plane  trigonometry  has  been  generally  so  appa- 
rent, that  many  trigonometrical  wnters  have  given  simple  geome- 
trical constructions  for  the  cases  of  plane  triangles.  With 
ngard,  however,  to  spherical  trigonometry,  a  different  course 
las  been  adopted  ;  and  as  the  consideration  of  the  position  of 
fte  various  circles  of  the  sphere  first  led  to  the  problem  of  find- 
ing certain  parts  of  the  triangles  formed  by  their  intersections 
from  others  that  might  be  given,  the  writers  on  this  subject  have 
thought  it  necessary  that  all  these  circles  should  be  represented. 
f>n  a  plane,  as  they  actually  appear  on  the  sphere.  Of  the 
geTMBl  methods  of  doing  this,  the  atereogm^\u&  i^o\«c'a»a.\ia& 
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generally  claimed  the  preference;  but  altliougli  this  has  I 
advantage  of  exhibiting  the  po  si  don  of  any  spherical  triangle 
jelation  to  the  several  circles  of  the  terrestrial  or  celestial  spha 
-yet  the  length  of  the  constructions  required  to  represent  tn 
only  one  triangle  renders  it  by  no  means  the  most  desirable  « 
of  arriving  at  those  parts  by  geonietiical  construction,  i^ 
method  pursued  in  this  short  essay  considers  the  triangle  as . 
«pherical  surface  of  a  tetrahedron  whose  vertex  is  the  centre 
the  sphere,  and  by  imagining  the  sides  of  this  tetrahedron  1 
down  on  a  plane,  obtains  the  required  parts  of  the  triangle 
-constructions  that  may  be  performed  with  facility  by  the  lielpi 
scale  of  chords.  The  figures  here  used  are  contained  wit 
much  narrower  limits  than  in  most  instances  of  stereo^ 
-projection,  since  the  centres  of  some  of  the  circles  in  it  oil 
iall  at  a  very  great  distance.  The  constructions  in  the  pteH 
paper  may,  it  is  presumed,  be  called  new ;  for  although  M,  M) 
-duit  has  constructed  the  .first  case,  and  part  of  the  second,  ii 
manner  somewhat  similar,  yet  his  method  is  considerably  Ions 
«nd  the  remaining  part  of  the  second,  and  the  whole  of  the  ta 
case,  I  beheve,  have  not  been  constructed  except  by  projectli 
iby  any  trigonometrical  writer.  As  by  means  of  the  supplemeB. 
iriaogle  the  six  cases  of  trigonometiy  are  reducible  to  three, 
has  only  been  thought  necessary  to  give  the  detail  of  three 
in  this  paper. 

Case  /.—Having  given  the  three  sides  A  B,  B  C,  A  C,  of 
spherical  triangle  (PI.  VI,)  fig.  1,  to  find  any  one  of  the 
as  A. 

With  the  chord  of  60"  as  radius,  taken  from  any  convenieD 
scale  of  chords,  describe  a  circle  C  B  A  C,  fig.  2,  and  b 
means  of  the  same  scale  set  off  the  arcs  A  B,  B  C,  A  C,  eqna 
to  the  three  given  sides  respectively ;  from  the  centre  O  drw 
■O  C,  0  B,  0  A,  O  C,  and  let  fall  the  perpendiculars  C  D,  C  t} 
to  O  A,  OB,  meering  in  P  ;  from  P  apply  P  N  equal  to  C  D, 
meeting  0  A  (produced  if  necessary)  in  N,  then  the  angleNPD 
ia  equal  to  the  angle  A,  required;  the  number  of  degrees,  &c  in 
■which  may  be  ascertained  either  by  a  scale  of  chords  or  a  pro- 
tractor. 

Case  2. — When  two  sides  A  B,  B  C,  and  the  included  angte 
B,  are  given. 

First,  to  find  the  third  side  A  C, 

From  any  point  O,  as  a  centre,  fig.  3,  with  the  chord  of  60°, 
■describe  a  circle  as  before,  set  oif  the  arcs  B  A,  B  C,  equal  to 
the  given  sides,  and  make  B  O  L,  equal  to  the  given  angle ; 
draw  C  E  perpendicular  to  O  B,  and  on  0  L  take  O  M  =  C  E, 
and  make  M  N  parallel  to  it ;  on  CE  produced  lake  EP  =  ON, 
and  set  off  N  H  =  P  A.  The  distance  M  H  is  equal  to  tl~ 
chord  of  the  required  side  to  the  radius  O  B. 

Secondly,  to  find  either  of  the  other  angles,  as  the  angle  A.  1 

With  the  chord  of  60°  d&scribe  a,  elicit  ^  be.fore,  and  setW 
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he  arcs  B  A,  B  C,  fig.  4,  equal  to  the  given  sides,  and  make^ 
SOL  equal  to  the  given  angle ;  let  fall  C  £  perpen^cular 
oO  B  ;  on  O  L  take  O  M  =  C  E,  draw  M  N  parallel  to  it,  and 
01 C  E  produced  take  E  P  =  O  N.  Join  0  A,  let  fall  P  D  per- 
icndicular  to  it;  take  N  K  ss  P  D,  and  join  M  K;  tnea 
A  K  N  is  equal  to  the  required  angle  A. 

Case  3, — When  two  sides  B  C,  C  A,  and  an  angle  A  opposite 
me  of  them  are  given. 

First,  to  find  the  third  side  A  B, 

With  the  chord  of  60®  as  radius,  and  from  any  centre  O,  fig.  5p 
kscribe  a  circle,  set  off  the  arcs  C  B,  C  A,  equal  to  the  given 
lides,  and  make  COL  equal  to  the  given  angle,  draw  A  I  per* 
Mndicular  to  O  C,  take  0  M  =  A  I,  and  draw  M  N  perpendi- 
alar  to  O  C  ;  from  M  apply  M  F  =  chord  B  C,  meeting:  C  O 
xoduced,  if  necessary,  in  F ;  make  I  P  =  O  N,  and  from  F  as  a 
^ntre,  with  the  distance  F  N,  intersect  the  circumference  of  the 
arcie  in  H  and  H' :  the  arc  C  H,  or  C  H',  is  equal  to  the  third 
nde  required. 

Secondly,  to  find  the  angle  B  opposite  the  other  given  side. 

With  the  chord  of  60°  describe  a  circle  as  before,  take  the 
aurcs  C  B,  C  A,  fig.  6,  equal  to  the  given  sides,  and  make  COL 
equal  to  the  given  angle  ;  draw  A  I,  B  K,  perpendicular  to  O  C^ 
take  O  M  =  A  I,  and  from  M  apply  M  H  =  B  K,  meeting  C  O,. 
produced,  if  necessary,  in  H :  tne  angle  M  H  C,  or  its  supple- 
ment M  H  C  is  equal  to  the  required  angle  B. 

Thirdly,  to  find  the  ai^le  C  included  by  the  given  sides. 

Find  the  third  side  A  B  by  the  first  part  of  this  case,  and  the 
ngle  C  from  the  three  sides  by  Case  1. 

This  third  Case  it  is  well  known  frequently  admits  of  two  solu- 
ons,  and  in  those  instances  in  which  the  data  lead  to  a  double 
>Iution,  these  constructions  will  accordingly  give  two  values  for 
ich  of  the  required  parts.  In  the  first  part  of  the  Case,  if  H^ 
ther  falls  upon  C,  or  on  the  same  side  of  C  with  B,  there  will 
5  only  one  value  of  the  side  A  B,  viz.  C  H.  In  the  second 
art  of  the  case,  if  either  of  the  angles  M  H  C,  M  H  C^  taken  as 
le  value  of  B  make  4.  (A  +  B)  of  the  same  affection  with 
(B  C  +  C  A)  then  either  of  these  angles  may  be  that  required, 
at  if  only  one  of  the  values  of  B  is  in  accordance  with  the 
leorem,  4  (A  +  B)  like  4-  (B  C  +  C  A),  this  value  is  that 
squired. 

In  the  third  part  of  the  Case,  the  angle  C  will  have  one  or  two 
alues  according  as  the  side  A  B  has  one  or  two  values. 

Without  giving  the  demonstration  of  these  constructions  with 
ill  the  rigour  of  the  Euclidean  geometry,  the  mathematical 
reader  will,  it  is  presumed,  be  convinced  of  their  accuracy  from, 
the  following  general  explanation.  Suppose  ocb  tf,fig.  7,  to  be 
a  spherical  tetraedron  wnose  radius,  0  a,  is  equal  to  the  radius  of 
the  scale  of  chords  made  use  of  in  the  precedm^  c,oxv&\x\icXiv«t4»^ 
w?d  whose  convex  surface,  a  c  b,  forms  the  Inaw^^  ^ito^o^^^^*^ 
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be  solved.  Imagine  c  p  to  be  drawn  perpendicular  to  the  plan 
nb  a;  let  c  >/,  e  e,  in  the  planes  o  c  a,  oc  b,  be  perpendicular  to 
o  a,  o  b,  respectively;  then  if  pd,  pe,  pa,  p  b,  c  a,  cb,  be  joined, 
it  is  obvious  that  the  angles  c  pd,  c  pe,  c  pa,  cpb,odp,oef, 
ve  all  right  angles,  that  the  angle,  c  dp,  measures  the  inchnattoi 
of  the  planes,  oca,  o  b  a,  and  is  cotiBequently  equal  to  the 
spherical  angle  at  a,  and  that  in  like  maunercep  is  equal  to  the 
spherical  angle  at  b :  moreover  c  a,  c  b,  are  the  chorda  of  t^ 
sides  c  a,c  b.  This  premised,  it  will  appear  that  in  Case  1,  CD, 
C  E,  are  equal  respectively  to  c  d,  t:  e,  and  that  P  is  situated  in 
the  sector  B  0  A,  as  jj  is  in  fc  o  a ;  so  that  PT)  =  p  d,  but  P I 
;=Ci)  =  c  rf,  and  the  rightangle  PDK  =  rpd;  there&re,tj 
Angle  N  P  D  =  c  dp  =  spherical  angle  a. 

Case  2.— Here  C  E,  fig.  3,  =  c  e,  or  0  M-  =  c  e,  and  aw 
N  O  M  =  given  angle  b,  =  c  e  v,  and  angle  M  N  0  : 
angle  ;  therefore,  the  triangle  0  M  N  is  equal  to  c  e  jj,  and  R 
=.c  p:  also  because  O  E  =  oe,  and  EP  =  ON  =  «p;thE 
fore,  P  is  situated  with  respect  to  the  points  B,  A,  as  »  ' 
respect  to  i, « ;  consequently  PA  =  p  a,  but  N  H  =  P  A,  i 
M  N  =  c  p,  wherefore  the  right  angled  triangle,  M  N  H,  is  eqn 
tae  p  a,  and  M  H  =  c  n  =  ^ord  of  side  c  a. 

In  the  second  part  of  this  case,  P  is  found  as  before,  corrt,^ 
ponding  to  p,  and,  therefore,  P  D,  perpendicular  to  O  A,  M 
obviously  equal  to  p  (/,  but  N  K  =  P  D,  or  p  d,  and  M  N  = 
wherefore  the  right  angled  triangle  M  N  K  is  equal  to  c  p  d,%i 
the  angle  M  K  N  equal  to  cd  p,  or  to  the  spherical  angle  a. 

Case  3. — Here  it  is  obvious  that  A  I,  or  O  M,  is  equal  to  c  <i, 
and  the  angle  M  O  N  is  equal  to  the  given  spherical  angle  a,  thifcJ 
is,  to  c  d  p  ;  therefore,  the  triangle  M  O  N  is  equal  to  c  <i  ppi 
hence  M  N  =  c  p,  and  ON  =  dp.  Also  since  M  F  =  cliOB* 
B  C  =  be,  the  triangle  F  M  N  is  equal  to  b  c  p,  and,  coDaa^l 
qnently,  FN  =p6;  moreover,  because  IP  =  ON  =  c/^,  therefow  7 
P  is  situated  with  respect  to  the  points  O,  C,  and  arc  C  A,  as  p,  is  I 
with  respect  to  o,  a,  and  arc  a  b,  but  p  b  has  been  fonnd  =  t  K,  f 
therefore,  the  intersection  of  an  arc  described  from  the  centie  r 
P,  with  the  radius  F  N,  will  determine  the  point  H  correspoai-  f 
ing  to b,  and  the  arc  C  H  will  be  equal  to  ab,  [ 

In  the  second  part  of  Case  3,  A  I,  or  O  M,  is  equal  to  ci,  i 
and  B  K,  or  M  H,  to  c  e.  Hence  the  angle  M  O  N  being  equal  to  i 
the  spherical  angle  a,  that  is  to  c  dp,  the  triangle  M  NO  i»  ~ 
equal  to  cpd,  and,  therefore,  MN  =  cjj;  but  Mil  =  BK  =  «,  ,^ 
therefore,  the  triangle  M  N  H  is  equal  to  the  triangle  cp  (^  anil  .;' 
the  angle  M  H  N,  or  M  H  C,  equal  to  c  e  p,  or  to  the  spherical 
angle  b. 

I  am  respectfully  yours, 

W.  L.  BlBKBECK. 
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Article  V. 

"On  Atropiuniy  a  new  Alkaline  Body  in  the  Leaves  of  Atroga 

Belladonna,    By  M,  Rudolph  Brandee.* 

M.  Brandes  first  states,  with  reference  to  another  paper  of 
liis  which  has  not  come  to  hand^  that  he  found,  in  an  analysis  of 
the  leaves  of  atropa  belladonna,  that  pure  alkalies  precipitated  a 
substance  from  the  decoction  of  them  which  had  alkaline 
properties  like  morphium.  He  then  boiled  a  filtered  decoction 
of  the  leaves  of  attopa  belladonna  with  pure  magnesia,  washed 
the  powder  thus  obtained  with  water,  and  boiled  it  in  alcohol. 
Ihis  hot  solution  in  alcohol  had  likewise  alkaline  properties,  and 
proves,  therefore,  that  they  were  not  to  be  ascribed  to  the  alkaK 
employed  in  the  first  experiment.  He  then  goes  on  to  state  the 
following  experiments : 

*  I  boiled  two  pounds  of  dried  leaves,  of  atropa  belladonna  in  a 
rofficient  quantity  of  water,  pressed  the  decoction  out,  and 
boiled  the  remaining  leaves  again  in  water.  The  decoctions 
were  mixed,  and  I  added  some  sulphuric  acid  in  order  to  throw 
down  the  albumen  and  similar  bodies  ;  the  solution  is  thus  ren* 
dered  thinner,  and  passes  more  readily  through  the  filter.  The 
decoction  was  then  supersaturated  with  potash,  by  which  I 
(il)tained  a  precipitate  that,  when  washed  with  pure  water  and 
dried,  weighed  89  grs.  It  consisted  of  small  crystals,  from  which, 
by  repeated  solution  in  acids,  and  precipitation  by  alkalies,  the  new 
alkahne  substance,  atropium,  was  obtained  in  a  state  of  purity. 

Properties  of  Atropium. — The  external  appearance  of  atropium 
Turies  considerably  according  to  the  diflFerent  methods  by  which 
it  is  obtained.  When  precipitated  from  the  decoction  of  the 
lierb  by  a  solution  of  potash,  it  appears  in  the  form  of  very  small 
Aort  crystals,  constituting  a  sandy  powder.  When  thrown 
down  by  ammonia  from  an  aqueous  solution  of  its  salts,  it 
^pears  in  flakes  like  wax,  if  the  solution  is  much  diluted ;  if 
concentrated,  it  is  gelatinous  like  precipitated  alumina ;  when 
obtained  by  cooling  of  a  hot  solution  in  alcohol,  it  crystallizes  in 
lone,  acicular,  transparent,  brilliant  crystals^  often  exceeding  orie 
iocn  in  length,  which  are  sometimes  feathery ;  at  other  times 
Starlike  in  appearance,  and  sometimes  they  are  single  crystals. 
A.tropium,  however,  is  only  obtained  in  such  a  crystalline  stat^ 
vvhen  rendered  perfectly  pure  by  repeated  solution  in  muriatiQ 
acid,  and  precipitation  by  ammonia :  a  solution  of  impure 
atropium  which  I  made  by  boiling  the  decoction  of  the  leave3 
of  atropa  belladonna  with  magnesia,  and  dissolving  the  precipi-^ 
tated  sukali  in  hot  alcohol,  has  not,  during  half  a  year^  deposited 
apy  crystals  but  merely  flakes. 

«  Fnm  5flbwefgger*s  JmutMl,  tol  m^  ^  \. 
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The  colour  of  atropium  depends  in  a  great  measure  upon  its 
state  of  purity.  When  perfectly  pure  it  is  snow  white,  other- 
wise it  is  more  or  less  yellowish-white.  When  pure,  it  has  qo 
taste.  When  strongly  heated,  it  is  decomposed,  is  charred,  and 
gives  out  an  empyreumatic  smell. 

Cold  water  has  hardly  any  effect  upon  dried  atropium,  hut  it 
dissolves  a  small  Quantity  when  it  is  recently  precipitated ; 
boiling  water  dissolves  still  more. 

Cold  alcohol  dissolves  but  i\  minute  portion  of  atropium,  bat  j 
when  boihng  it  readily  dissolves  it.  Atropium,  however,  is  J 
much  more  difficultly  dissolved  by  boiUng  alcohol  than  mor-J 
phium,  and  while  the  solution  is  cooling,  the  greatest  part  ill 
i^ain  deposited.  In  order  to  ascertain  whether,  after  the  cty^  I 
talhzation  of  the  atropium,  the  remaining  spirit  contained  any  1 
quantity  of  this  body,  I  evaporated  two  drachms  of  it,  but  they 
left  scarcely  a  trace  of  it. 

Ether  and  oil  of  tuq)entiiie  had  even,  when  boihng,  little 
effect  upon  atropium.  Hot  oil  of  almonds  dissolved  a  mu'ct 
greater  quantity  of  it,  and  seemed  to  become  less  fluid.  The 
experiment,  however,  was  made  on  so  small  a  scale  that  1  was 
unable  to  ascertain  whether  the  oil  had  undergone  the  same 
alterations  which  Chevreul  and  Braconnot  observed  ia  saponi- 
fied fat,  and  which  BouUay  beUeves  he  has  produced  by  picro- 
-toxium. 

Salts  of  Atropium. — Atropium  forms  salts  with  acids,  the 
greater  number  of  which  are  readily  soluble  in  water;  but  I 
never  have  succeeded  in  obtaining  them  perfectly  neutral,  r- " 
freeing  them  completely  from  adhering  acid.  Even  when  c 
fully  washed  and  pressed  between  fine  paper,  they  reddened 
litmus  paper  in  most  cases  \  but  when  care  was  taken,  there 
was  only  a  trace  of  free  acid  remaining,  and  which  cannot  be 
regarded  as  an  objection  to  considering  the  atropium  as  the  basis 
of  salts  ;  for  the  whole  quanti  ty  of  acid  combined  with  the  alka- 
line body  would  have  produced  a  much  more  powerful  efiect 
upon  litmus  paper,  had  it  not  been  attracted  and  neutralised  by 
this  substance. 

Atropium  and  Sulphuric  Add. — Atropium,  when  slighflf 
heated  with  concentrated  sulphuric  acid,  is  decomposed  and 
blackens ;  a  similar  effect  takes  place  when  sulphate  of  atropium 
in  its  crystalline  state  is  dried  without  being  previously  washed 
with  alcohol,  and  deprived  of  the  adhering  acid.  Diluted  sul- 
phuric acid  dissolves  atropium  after  sometime,  and  more  easily 
when  the  alkali  has  not  been  dried.  Exposed  to  spontaneous 
evaporation,  crystals  of  sulphate  of  atropium  appear,  of  which  1, 
however,  could  not  ascertain  the  form  with  sufficient  accuracy, 
there  existing  a  great  variety  of  crystals,  and  the  planes  being 
very  imperfect.  The  most  perfect  seemed  to  me  to  be  rhomboe- 
drical  tables  and  prisms  with  square  bases ;  the  lateral  planes 
partly  truncated,  and  the  lower  acate  tvw^v  oi  ^W  »,«w  if\sij\w 
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often  reaching  down  to  the  middle  of  the  prism.  These  trian* 
gular  planes  appear  frequently  on  the  crystals  of  sulphate  of 
atropium,  and  are  distinguishable  by  their  great  lustre. 

The  sulphate  of  atropium  is  soluble  in  four  to  five  parts  of  cold 
water ;  it  seems  Ukewise  to  be  soluble  in  alcohol ;  for  when  1 
had  poured  the  remaining  liquid  from  the  crystals^  and  begun  to 
wash  them  with  spirit  of  90  per  cent,  alcohol,  a  quantity  of  the 
salt  seemed  to  disappear,  and  this  cold  solution  in  alcohol,  when 
ammonia  was  added,  became  milky  by  the  precipitation  of 
atropium. 

It  does  not  attract  moisture  from  the  air,  when  as  much  as 
possible  freed  from  its  adhering  sulphuric  acid,  but,  on  the  con- 
trary, it  loses  its  water  of  crystallization.  It  is  decomposed 
when  strongly  heated,  and  becomes  black. 

The  salts  of  barytes  deprive  this  salt  of  its  sulphuric  acid,  and 
the  carbonated  as  well  as  the  pure  alkaUes  precipitate  atropium 
firom  the  solution. 

Composition  of  Sulphate  of  Atropium, — (A.)  Three  grains 
were  exposed  on  a  watch  glass  to  a  moderate  heat.  While  the 
water  of  crystallization  was  evaporating,  it  became  slowly  opaque, 
assumed  a  milk-white  colour,  on  a  ^w  places  it  had  begun  to 
blacken,  and  resembled  enamel  in  appearance.  When  it  had 
ceased  to  lose  weight  by  heat,  the  loss  amounted  very  nearly  to 
three-fourths  of  a  ^rain,  or  25  per  cent,  which  is  to  be  considered 
as  water  of  crystallization.  The  salt  was  only  in  a  very  sUght 
degree  decomposed,  and  was  almost  entirely  soluble  in  water. 

(B.)  Three  grains  of  the  same  salt  were  dissolved  in  water, 
and  ammonia  was  added  to  the  solution.  The  precipitate,  when 
collected  on  a  filter,  weighing  3-^  grs.  washed  and  dried  amounted 
to  a  little  more  than  1^^  grs. 

(C.)  The  filtered  Uquid  from  (B.)  after  being  supersaturated 
by  acetic  acid  was  mixed  with  a  solution  of  muriate  of  barytes. 
There  was  as  much  sulphate  of  barytes  obtained  after  heating  it 
red,  as  would  indicate  almost  36  per  cent,  of  sulphuric  acid. 

The  sulphate  of  atropium,  therefore,  is  composed  of 

• 

Atropium •'••..* •  •  39 

Sulphuric  acid 36 

Water . 25 

Too    . 

I  must  confess  I  had  some  doubts  as  to  the  correctness  of 
this  analysis,  for  on  comparing  it  with  that  of  the  sulphate  of 
strychnium  by  Pelletier  and  Caventou,  and  that  of  sulphate 
of  picrotoxium  by  Bouliay,  and  my  own  analysis  of  sulphate  of 
morphium,  it  appears  that  all  these  three  alkaline  substances  are 
very  low  in  saturating  power ;  while  the  atropium  would,  accord- 
ing to  my  analysis,  neutralise  a  much  larger  (yiantity  of  aul^Wtvc» 
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acid.  If,  however,  there  was  ooly  a  slight  inaccuracy  iu  the 
analysis,  or  if  there  had  remained  some  free  sulphuric  acid  in 
the  salt,  this  of  course  must  make  a  great  difference  in  the 
result,  the  experiments  being  made  with  so  small  a  quantity.  I 
therefore,  thought  it  necessary  to  repeat  ray  analysis  with  a 
larger  quantity  of  salt,  for  which  rfurpose  I  dissolved  a  new 
quantity  of  atropium  in  diluted  sulphuric  acid,  and  exposed  the 
solution  to  spontaneous  evaporation.  1  obtained  beautiful  crys> 
tals,  which  I  washed  with  alcohol,  and  repeatedly  pressed  them 
between  6ne  blotting  paper.  Thus  I  obtained  1ft  grs.  of  snl- 
phate  of  atropium. 

Five  ^ains  of  this  salt  were  carefully  heated  to  expel  the 
water.  The  loss  amounted  to  l-f  gr.  which  indicates  26  per 
cent,  water  of  crystallization. 

Ten  grains  were  dissolved  in  water,  and  decomposed  by 
muriate  of  barytes.  The  weight  of  the  sulphate  of  barytes  ivas 
11  grs.  equal  to  36' 13  per  cent,  of  sulphuric  acid. 

After  the  deduction  of  '25  water  and  36' 13  sulphuric  add, 
there  remains  38'ft7  for  the  atropium,  and  the  composition  of 
sulphate  of  atropium  will  be ; 

Atropium 38-87 

Sulphuric  acid 36- 13 

Water 25-00 

100-00 

The  close  approximation  in  the  results  of  both  analyses  must 
evidently  lead  me  to  the  conclusion  that  the  error  could  not  be 
very  great.  My  doubt  as  to  the  great  saturating  capacity  of  the 
atropium  induced  me,  however,  to  make  a  third  experimenL  I 
took  atropium,  obtained  by  cooling  a  hot  spirituous  solution, put 
it  into  some  fresh  alcohol,  and  added  sulphuric  acid  until  it  was 
dissolved.  The  spirituous  solution  was  completely  clear,  ^d 
yielded,  after  spontaneous  evaporation,  beautiful  crystals  of 
sulphate  of  atropium.  After  washing  them  with  ether  until  this 
fluid  ceased  to  redden  litmus  paper,  Idried  the  salt  between  fine 
blotting  paper. 

With  this  salt  I  repeated  my  analysis.  By  drying  three  grains 
I  found  the  water  of  crystallization  amounting  to  nearly  24  per 
cent.  Three  grains  were  dissolved  in  water,  and  the  solutmn 
reddened  litmus  paper  slightly,  notwithstanding  repeated  wash- 
ing with  ether.  The  sulphuric  acid  was  precipitated  by  a  so-  • 
lution  of  muriate  of  barytes.  The  weight  of  the  sulphate  <^ 
barytes,  after  exposing  it  to  a  red  heat,  was  3"25  grs.  indicating 
1-113  gr.  of  sulphuric  acid,  equal  to  37'1  per  cent. 

The  composition  of  sulphate  of  atropium,  according  to  thi» 
analysis,  is,  therefore. 


t 
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Atiropium •  •  38*9 

Sulphuric  acid 37*1 

Water 24*0 

100*0 

This  I  thought  sufficient  to  remove  all  doubts  as  to  the  great 
yatMrating  power  of  atropium.  It  proves  the  peculiar  nature  of 
this  alkalme  body,  when  compared  with  the  rest  of  the  seanalo* 
gous  substancesy  all  of  which  are  capable  of  neutralising  only  a 
very  small  quantity  of  acid.  Even  picrotoxium,  though  accord- 
ing to  Boullay^  only  crystallizable  when  an  excess  of  acid  is 
present^  as  appears  to  be  the  case  with  atropium,  is  capable  of 
combining  witn  only  nine  per  cent,  of  sulphuric  acid.  I  have  little 
doubt  that  the  mean  number  of  these  three  analyses  will  approach 
very  near  to  truth,  and  that,  therefore,  sulphate  of  atropium  is 
composed  of 

Atropium 38*93 

Sulphuric  acid • 36*52 

Water 24*66 

'  100-00 

It  seems  as  if  atropium  is  capable  of  combining  in  different 
proportions  with  sulphuric  acid.  I  once  added  an  excess  of 
sulphuric  acid  to  atropium  difiused  in  water,  and  I  observed  a 
suaden  formation  of  long  prismatic  crystals,  which  seemed  to 
be  bisnlphate  of  atropium.  These  crystals  required  several  hun- 
dred times  their  weight  of  water  for  solution,  while  the  salt  of 
atropium  which  I  analysed  was  soluble  in  four  or  five  parts.  It 
is  well  known  that  with  picrotoxium  the  case  is  similar.  I  made 
several  experiments  to  prepare  that  salt,  but  I  could  succeed 
only  when  I  difiused  atropmm  in  alcohol,  and  then  added  an 
abundant  quantity  of  sulphuric  acid.  By  this  process  the  salt 
quickly  appeared  as  a  crvstalline  precipitate. 

Once  as  I  evaporated  a  spirituous  solution  of  sulphate  of 
atropium,  I  was  struck  with  the  smell  of  bitter  almonds.  To 
determine  whether  the  solution  contained  prussic  acid,  I  diluted 
it,  and  added  some  solution  of  sulphate  of  deutoxide  of  iron  : 
there  did  not,  however,  appear  the  least  trace  of  a  blue  colour. 

Atropium  and  Muriatic  Add, — ^The  salt  produced  by  the 
combination  of  muriatic  acid  and  atropium  appears  in  beautiful 
white  brilliant  crystals,  which  are  either  cubes  or  square  plates, 
similar  to  the  muriate  of  daturium.  It  is  readily  soluble  in 
water  and  alcohol.  By  nitrate  of  silver  the  chloride  is  precipi- 
teAed,  and  the  alkalies  pircci|ntate  pure  atropium  from  it.  Even 
tfitor  the  laoet  caxefui  waahing,  I  islways  olMi»ip«d  some  trmoea 

Jnaifm  of  tit  MmriaU  €f  jkir^fimk^   u»aimtodlL  ^doaik 
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lysis  not  only  to  ascertain  the  composition  of  this  salt,  but  also  to 
oDtain  additional  evidence  as  to  its  great  saturating  power. 

(A.)  Three  grains  of  muriate  of  atropium,  when  dried  at  such 
a  temperature  that  no  decomposition  of  the  alkali  cowld  lalte 
place,  lost  nearly  l-pr^^*  S*"- 

(B.)  Three  grains  of  the  same  salt  were  dissolved  in  water, 
and  the  atropium  thrown  down  by  ammonia.  After  repeated 
washing  with  small  quantities  of  water,  it  was  collected  on  a 
filter,  which,  after  being  dried  carefully,  showed  an  increase  of 

;ht  of  nearly  l-j^th  gr.  which  were  atropium. 

le  composition  of  this  salt  is,  therefore. 


I 


Atropium 3919 

Muriatic  acid 25-40 

Water 35-41 

100-00 


H 


Atropium  and  Phosphoric  Acid. — Atropium,  when  dissolved 
in  a  great  quantity  of  phosphoric  acid,  and  evaporated,  forms  a 
mass  like  gum,  which  attracts  the  moisture  of  atmospheric  air, 
and  deliquesces.  If  less  phosphoric  acid  is  used,  the  solution, 
after  spontaneous  evaporation,  yields  some  quadrangular  prisms, 
which  salt  is  readily  soluble  in  water,  and  is  likewise  readily 
dissolved  by  alcohol. 

On  other  Sales  of  Atropium. — Nitric,  acetic,  and  oxalic  acid 
dissolve  atropium,  and  form  acicular  salts,  all  soluble  in  water 
and  alcohol.  The  acetate  and  nitrate  of  atropium  are  hygrome- 
trie.  AU  are  decomposed  by  the  alkahes  and  by  their  carbo- 
nates. 

Nitric  acid  acts  much  less  powerfully  on  atropium  than  oa 
strychnium,  according  to  PelJetier  and  (javentou. 

Observations  on  the  Kquivalents  of  Atropium. — I  have  ahoffu 
that  sulphate  of  atropium  is  composed  of 

Atropium 38-93 

Sulphuric  acid 36-62 

#^  Water 24-55 

W  100-00 

and  that  muriate  of  atropium  consists  of 

Atropium 39-19 

Muriatic  acid 25*40 

Water 36-41  s 


100-00 


If  we  admit  that  in  the  alkalies  from  plants,  the  same  laws 
exist  as  are  ascertained  with  respect  to  those  from  inorganic 
bodies,  we  shall  be  better  able  to  find  their  et^uivalent  numberi 
as  I  have  ahowa  in  my  analy&ia  ot  soiV'jiVaXfi  o^  TaaT^VMa,.    "^fefc  , 
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sulphate  of  atropium  appears  to  contain  three  times  as  much 
oxygen  in  the  acid  as  in  the  base ;   and  as   S&52  sulphuric 

acid  contain  21'865  oxygen^  — - —  =  7*289  will  indicate  the 

oxygen  in  38*93  of  atropium.  ... 

The  muriates  contain,  according  to  BerzeUus,  in  their  acid, 
twice  the  oxygen  which  exists  in  the  base,  and  25*4  muriatic 

acid  containing,  according  to  Berzelius,  14-825  oxygen 

as  7*412  will  indicate  the  oxygen  in  39*19  of  atropium. 

By  comparing  these  two  results,  it  will  be  found  that  they 
differ  very  little.  I  am,  however^  inclined  to  suppose  the  result 
of  the  analysis  of  the  sulphate  of  atropium  to  be  the  most  cor- 
rect, and  then  100  parts  of  atropium  would  contain  18*91  oxy- 
gen, a  quantity  far  exceeding  the  oxygen  found  in  any  one  of  tne 
similar  alkalies. 

There  are,  however,  strong  reasons  for  believing  that  the 
different  salts  which  have  been  analyzed  are  bisulphates  and 
bimuriates,  and  then  the  oxygen  of  the  atropium  would  only 
amount  to  one  half  of  the  above-mentioned  quantity.  The  salt 
which  is  above  described  as  a  bisulphate  then  would  be  a  qua- 
drisulphate.  The  oxygen  in  38*93  atropium  would  then  be 
3*644,  and  100  parts  of  atropium  would  contain  9*4  of  oxygen. 

The  oxygen  in  the  different  parts  of  sulphate  of  atropium 
would  be : 

Oxygen. 

'  Atropium 38*93   3*644 

Sulphuric  acid 36*62   21*865 

Water 24*55   21*654 

The  oxygen  in  the  acid  and  in  the  water,  therefore,  are  equal, 
and  six  times  that  of  the  atropium. 

According  to  Berzelius's  theory,  the  oxygen  in  the  muriate  of 
atropium  would  be  : 

Oxygen. 

Atropium 39*19   3*706 

Muriatic  acid 25*40   14*808 

Water 35*41    31*784 

The  quantity  of  oxygen  in  the  acid  is  four  times  as  much  as 
that  in  the  atropium,  and  that  of  the  water  twice  as  much  as 
that  of  the  acid. 

One  hundred  parts  of  dry  sidphate  of  atropiumi  contain 

Atropium 51*59 

Sulphuric  acid  •  •  • • 48*41 

100*00 
Or  it  consists  of 
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Atropium lOO-OO   106-6 

Sulphuric  acid 93-83   1000 

One  hundred  parts  of  muriate  of  atropium  would  consist  of 


Atropium 

Muriatic  acid. 


And 

Atropium....   1000    ....  154'3  would  combine  with 
Munatic  acid.     64-8    100-0 

On  the  Alteration  which  Atropium  undergoes  when  heatd 
vnth  Potash,  and  when  burned, — When  1  tried  some  other  sub- 
stance obtained  from  the  atropa  belladonna  by  heating  it  with 
potash,  I  obtained  a  salt  which,  when  supersaturated  with  acetic 
acid,  produced  with  muriate  of  iron  a  red  solution,  I  inferred 
from  this,  that  there  might  be  formed  sulphochyazic  acid.  Sus- 
pecting this  vegetable  substance  to  contain  atropium,  I  took 
some  of  this  alkaH  as  it  had  been  precipitated  &om  a  decoction 
of  atropa  belladonna,  and  heated  it  with  a  solution  of  pure  pota^ 
in  a  platina  spoon.  As  soon  as  the  action  of  the  potash  be^an, 
a  distinct  smell  of  ammonia  was  perceptible,  and  a  glass  rod  wim 
strong  muriatic  acid  produced  a  white  cloud  when  brought  neat 
to  it.  The  residuum  was  dissolved  in  water,  supersaturated 
with  acetic  acid,  and  tested  with  muriate  of  deutoxide  of  iron, 
which  instantly  produced  a  red  colour. 

This  experiment  did  not  always  succeed.     It  proves,  however,     1 
that  under  certain  circumstances  there  may  be  formed  a  sub- 
stance from  atropium,  which  produces  a  red  colour  with  deutox- 
ide of  iron,  and  which  probably  is  sulphochyazic  acid.     Sulphur 
is,  perhaps,  a  constituent  of  atropium.     The  potash  I  made  use     t 
of  had  a  shght  trace  of  sulphuric  acid,  | 

I  have  been  oblieed  to  discontinue  my  experiments  on  the    i 

Eroperties  of  this  alkali.  ITie  violent  headaches,  pains  in  the  I 
ack,  and  giddiness,  with  frequent  nausea,  which  the  vapour  J 
of  atropium  occasioned  while  I  was  working  on  it,  had  such  a  I 
had  effect  on  my  weak  health  that  1  entirely  abstained  from  any  I, 
further  experiment.  J 

I  once  tasted  a  small  quantity  of  sidphate  of  atropium,  the  | 
taste  was  not  bitter  but  merely  saline,  but  there  soon  followed  i 
violent  headache,  shaking  in  the  limbs,  alternate  sensations  of  |> 
heat  and  cold,  oppression  of  the  chest,  and  difficulty  in  breath-  I 
ing,  and  diminished  circulation  of  the  blood.  Tne  violence  [ 
of  these  symptoms  ceased  in  half  an  hour.  il 

Even  the  vapour  of  the  different  salts  of  atropium  produces  f 
giddiness.  When  exposed  for  a  long  time  to  the  vapours  of  a  ji 
solution  of  nitrate,  phosphate,  or  sulphate  of  atropium,  the  pupil    ' 
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of  the  eye  is  dilated.  This  happened  frequently  to  me,  and  when 
I  tasted  the  salt  of  atropium,  it  occurred  to  such  a  degree  that  it 
reaiaii!!ied  so  for  12  hours,  and  the  different  degrees  of  light  had 
no  influence. 

This  is  sufficient  to  show  the  poisonous  effect  of  atropium. 


Article  VI. 


On  same  Capillary  Metallic  Tin.  By  James  Smithson,  Esq.  FRS. 
(To  the  Editor  of  the  Annals  of  Philosophy.) 

SIR,  ParU^  Feb.  17, 1821. 

M.  Ampere,  a  few  days  ago,  accidentally  in  conversation, 
mentioned  a  fact  to  me  which  much  excited  my  attention,  as  it 
appeared  to  me  completely  to  confirm  the  explanation  I  had 
ventured  to  offer  of  the  mode  of  formatign  of  the  capillary  cop- 

{>er  in  the  slag  of  the  Hartz,  printed  in  th6  Annuls  of  Philosophy 
or  July,  1820. 

For  some  purpose  of  the  arts,  Mr.  Clement  formed  a  cylinder 
of  copper,  and,  to  give  it  strength,  introduced  into  it  a  noUow 
cylinder,  or  tube,  of  cast  iron*  To  complete  the  tinion  of  these 
two  cylinders  some  melted  tin  wee  nm  between  them.  Wkh  the 
exact  particulars  of  this  construction,  I  am  not  acquainted,  but 
the  material  circumstance  is,  that  during  the  cooling  of  this 
heated  mass,  a  portion  of  die  melted  tin  was  forced  by  the  alte- 
ration of  volume  of  the  cylinders  through  the  subsiaiice  of  the 
cast-iron  cylinder,  and  issued  over  its  internal  surface  in  the 
state  o(  fibres,  which  were  curied  and  twisted  in  various  direc- 
tions. This  form  in  the  fibres  of  copper  I  had  considered  as 
very  favourable  to  my  hypothesis.  Such  was  the  tenuity  of 
these  fibres  of  tin  that  little  tufts  of  them  applied  to  the  flame 
of  a  candle  took  fire,  and  burned  like  cotton. 

This  passage  of  melted  tin  through  cast-iron  has  a  perfect 
agreement  with  the  passage  of  water  by  pressure  through  gold^ 
and  tends  to  elucidate  and  confirm  the  account  of  the  celebrated 
Florentine  experiment.  Had  the  water  on  that  occasion  issued 
solid,  it  woidd  have  been  in  fibres. 

This  penetration  of  solid  matters  by  fluids,  by  means  of  great 
mecbamcal  force,  will,  perhaps,  come  to  be  thought  deserving 
of  more  attention  than  has  been  yet  paid  to  it;  besides  any 
scientific  results  to  which  the  consideration  of  it  may  lead,  it 
may  be  found  to  afford  confound  substances,  not  otherwise 
obtainable,  and  of  value  to  the  arts. 

I  am,  Sir,  your  most  obedient  servant, 

James  Smithsqk. 


I  Mr,  Healon's  Meteorological  Registeryor  Lancaster.  \ 
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j^^f  Article  VIII. 

I  Mathematical  IiKfuiri/  into  the  Causes,  Lotos,  and  principal 
Pktenomena  of  Heat,  Gases,  Gravitation,  Sjc.  By  Joha  He- 
Tapath,  Esq. 

DEAR  SIR,  Cranford,  near  Houni!o»,  March  SI,  1831. 

The  following  mathematical  investigation  of  the  causes,  lawB^ 
nd  principal  phenomena,  of  heat,  gases,  gravitatioD,  &c.  was 
Irawn  up  about  10  months  since,  for  the  purpose  of  being  laid 
lefore  the  public,  in  the  Transactions  of  the  Royal  Society.  A 
Lnowledge  that  the  Royal  Society  had  been  desirous  of  having 
hese  subjects  investigated,  and  a  beUef  that  they  would,  there- 
are,  have  been  pleased  with  this  mark  of  my  respect,  and  have 
aused  the  subject  to  be  sifted  to  the  bottom,  were  fjie  motiveB 
rhich  induced  me  to  present  them  with  the  first  fruits  of  my 
itbours.  Having,  however,  notwithstanding  the  marked  kint^ 
less  of  the  President,  and  another  highly  distinguished  and 
iiilightened  member  of  that  Society,  experienced  from  others  an 
inlooked-for,  and,  (  might  almost  venture  to  say,  an  illiberal 
tpposition  for  upwards  of  nine  months,!  have  thought  it  expedient 
o  withdraw  this  paper,  together  with  another  which  I  composed 
it  the  suggestion  of  Sir  H.  Davy,  confirming  by  experiment  my 
riewB  on  tne  more  material  points,  in  order  to  Wing  them  botn 
Jefore  the  public  through  a  difierent  channel. 

It  is  not  my  intention  here  to  detail  the  discouraging  and 
ixtraordinary  line  of  conduct  which  has  been  pursued  in  this 
kffair,  because  I  shall  have  it  in  my  power,  at  the  end  of  these 
[lapers,  to  enter  fully  into  particulars ;  but  I  request  you  wiD 
have  the  goodness  to  print  the  communications  just  as  they  now 
stand;  for  the  circumstances  of  the  case  bein^  such  that  it  will 
be  necessary  puhhcly  to  invite  the  attention  of  the  whole  Royal 
Society  to  this  subject,  I  wish  to  make  no  alterations,  but  to  give 
those  who  have  opposed  me  a  fair  opportunity  of  overturnine 
that  against  which  they  have  not,  in  so  long  a  period,  produced 
one  valid  objection;  or  of  justifying  a  conduct,  which,  though 
but  belonging  to  a  part,  might,  possibly,  in  the  eyes  of  the  wom> 
from  the  importance  of  the  subject,  prodace  serious  reflections 
on  the  whole  of  a  Society,  so  long  distioguished  for  its  candour, 
hberality,  and  prompt  encouragement,  of  scientific  pursuits. 
I  have  the  honour  to  be,  dear  Sir, 

Your  most  obedient  servant, 

To  Rtdmrd  Phillipr,  Mtf.  JoHN  UeRAI-ATH, 


Ntw  Serits,  vol.,  i. 


A 


■  i^.  Heropath'on  tke  Cainei,  Lawtiond principal    [A'pitn^ 

On  the  Physical  ConUitution  of  the   Universe.     (In  a  Letter  to 
Daviea  Gilbert,  Esq.  MP.  FRS.  fee.) 

DB&S  SIR, 

In  the  following  memoir,  whicK  I  have  to  rec^aeatyou  will  do 

me  the  honour  of  submitting  to  the  cousideration  of  the  Royal 

Society,  I  have  endeavoured  to  unravel  the  causes  of  some  of 

the  leading  phEenomena  of  the  universe,  such  as  those  of  heat, 

rvitation,  &c.  That  a  correct  judgment  may  the  more  easily 
formed  of  the  nature  of  this  memoir,  I  have  pretixed  a  briif 
account  of  the  ti^ain  of  thought  I  pursued  in  my  investigatioint 
which  will  tend  to  throw  a  considerable  light  over  what  follomi 
And  because  I  conceive  no  theory  established,  however  weil'd. 
may  accord  with  phenomena,  ualcss  it  can  be  shown  all  otberi 
do  not,  I  intended  to  take  a  review  of  some  of  the  principalhypw 
theses  that  have  been  advanced  and  supported  by  differentplni 
losophers,  and  to  show  wherein  I  think  tliem  defectiTe;  but 
afterwards  considering  that  this  would  extend  the  memoiritrft 
mach  greater  length  than  1  wish,  and  that  1  might  probably  W- 
obhged  to  press  a  httle  hard  on  the  favourite  opinions  of  aoint 
respectable  philosophers,  I  have  for  the  present  laid  this  design 
aside.  For  similar  reasons  I  have  omitted  all  comment  and 
comparisons,  except  what  are  necessary  for  the  elucidation  of  the 
subject.  I  have  liVewise,  in  consequence  of  a  conversation  thai 
i  lately  had  with  W.  Clayfield,  Esq.  materially  changed  the  plan 
of  this  memoir,  so  as  to  render  the  connexion  and  dependence 
between  the  principles  and  consequences  more  apparent.  And . 
in  order  to  trespass  as  little  as  possible  on  the  time  of  the  Royri  i 
Society,  I  have  only  demonstrated  some  of  the  elementary  prfli-1 
positions ;  reserving  the  proofs  of  others  to  a  future  period',  waeo,  \ 
if  the  little  that  1  have  done  receive  the  countenance  of  tbt' 
Rbyal  Society,  1  might  be  induced  to  take  a  more  elevated  Tie* 
of  the  subject,  and  to  touch  upon  other  things  that  are  notme* 
tioned. 

The  Royal  Society  will  easily  perceive  that  I  am  indebted  fiff 
the  hint  of  the  cause  of  gravitation  tc  Sir  Isaac  Newton,  though, 
perhaps,  it  will  be  found,  that  I  have  carried  the  idea  much  ftif- 
ther,  and  have  extended  it  to  the  development  of  a  much  greatw 
variety  of  phfenomena  than  he  could  have  anticipated.  It  wonM 
be  preposterous  for  me  in  this  place  to  name  other  distinguished 
philosophers  to  whose  accurate  esperiments  and  luminous  viewt 
I  have,  in  the  coarse  of  my  inquiries,  been  under  great  obhg*- 
tions  ;  bat  I  cannot  let  slip  this  opportunity  of  acknowledgio^ 
thit  if  it  shall'appear  I  have  been  any  way  successful  in  my  BoS- 
tary  rambles  through  these  exalted  regions,  it  is  probably  in  i 
great  measure  owing  to  your  kind  encouragement  and  directioni, 
and  to  the  flattering  ap^irobation  you  were  pleased  to  bestow  on 
in/ juvenile  efforts  solongagDas\,\\e\ie^\'citi\tv'^Q^\'49fl,'KhenI 
had  the  pleasure  of  being  mttoAxiteOito  ^QNyN^-^  wvj\iVe:TC«^wftfi 
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firiend  W.  Perry,  Esq.  of  Winterboume.  Without  such  stimuli^ 
I  might  never  have  had  sufficient  confidence  in  myself  to  tread 
iliose  intricate  and  ahnost  trackless  paths  of  science. 

An  Analytical  Inquiry  into  the  Cause  of  Gravitation,  Heat,  tfc^ 

Several  years  ago,  namely^  in  July  1 811 ,  while  amusing  mysdC 
urith  calculating  some  of  the  lunar  equations  from  theory^  I  waa^ 
induced  to  try  to  compute  the  annual  equation  to  the  moon'i^ 
mean  motion,  somewhat  after  the  manner  in  which  Newton  hfut 
<udculated  the  magnitude  of  the  variation.  The  result  of  tbia 
<MJculation,  which  considerably  exceeded  the  quantity  given  ia 
the  tables  of  Halley,  the  only  ones  I  then  had,  very  much  suiv 
pfised  me.    At  first  1  thought  I  had  committed  some  error,  oq. 


mental  principles  were  correct,  nothing  was  neglected  whicli 
could  affect  the  result  to  any  thing  like  the  magnitude  of  the 
difference.  At  another  time  it  occurred  to  me,  that  the  auantUr 
of  the  equation,  as  ffiven  in  the  tables,  might  possibly  oe  itseu 
too  small.  1,  therefore,  set  myself  about  correcting  it  from  the 
<dbservations  at  the  end  of  Halley's  tables ;  but  so  far  from  soIv«^ 
ing  the  difficulty  by  this  means,  I  found  the  difference  much 

f  eater ;  for,  as  far  as  I  remember,  the  maximum  of  the  equatioa 
found  to  be,  instead  of  1 1'  49",  only  about  11'  XT' ;  that  is^ 
twit  a  few  seconds  greater  than  the  quantity  given  in  the  very 
correct  tables  of  Burg.  Baffled,  therefore,  in  this  attempt  ta 
^reconcile  observation  and  theory,  I  conceived  that  the  quantitj: 
determined  from  observation  must  be  the  result  of  two  oppositar 
equations,  one  of  which  had  escaped  the  cognizance  of  theory^ 
And  in  this  opinion  I  seemed  to  be  more  confirmed  by  anothec 
calculation  of  this  equation,  by  means  of  an  exponential  theorem 
I  had  just  before  discovered,  and  by  observing  that  the  computa? 
tion  of  the  same  equation  by  Machin,  on  the  principle  of  au 
equant,  came  out  also  much  greater  than  the  quantity  by  obser^r 
vadon.  It  is  true  I  was  for  a  httie  while  staggered  in  my  opinion 
by  the  statement  of  Newton,  in  the  scholium  to  prop.  35,  book  3^ 
oi  the  Principia,  in  which  he  says,  that  he  had  calculated  the 
mean  greatest  quantity  of  this  equation  from  the  theory  of  gravi<» 
tation  at  11'  49  .  But  as  I  observed  that  he  simply  named  the 
result  without  even  hinting  at  the  method  of  calcma^tion,  though 
iust  beneath,  in  the  same  schohum,  he  minutely  enough  describes 
his  calculus  of  one  or  two  other  equations  of  considerably  less 
difficulty ;  and  as  I  had  observed  that  the  quantity  I  had  brought 
out  would  coincide  with  his,  if  diminished  in  tne  ratio  of  the 
moon's  synodical  to  her  siderial  period,  I  thought  it  very  pro- 
bable that  Newton  had  pursued  the  same  course  that  I  had ;. and 
that  finding  his  numbers  would  agree  with  observation,  if  dimi* 
nished  in  the  said  ratio  of  the  synodicaV  to  VS^^  ^v^^toSl'^wsA, 

s2 
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]le  diminished  them,  thinking  there  might  be  a  reason  for  it 
vbich  he  did  not  perceive ;  but  not  being  thorougkly  convinced, 
lie  chose  rather  to  omit  than  describe  a  calculation,  with  eveiy 
part  of  which  he  was  not  perfectly  satisfied.  This  at  least 
appeared  to  me  a  very  plausible  way  of  accounting  for  Newton'i 
silence ;  but  whether  it  be  a  correct  one,  it  is,  perhaps,  not 
worth  the  trouble  of  discussing,  especially  since  the  complete 
calculation  of  this  equation,  by  the  celebrated  Laplace,  in  the 
£I£canique  Celeste,  shows,  that  whatever  may  have  been  New- 
ton's method,  it  was,  as  well  ns  my  own,  much  too  loose  and 
inaccurate  to  be  depended  on.  It  is,  however,  remarkable,  that 
aD,  or  roost,  of  the  calculations  of  the  ann.  equa.  hitherto  made 
Aom  theory,  give  the  quantity  of  this  equation  greater  than 
observation  ;  and  this  is  even  the  case  with  Laplace's. 

Having  now,  as  1  thought,  satisfactorily  accounted  for  the 
.lifference  between  Newton's  numbers  and  mine,  I  became  more 
«trongly  persuaded  in  myself  that  the  tabular  magnitude  of  the 
nn.  equa.  was  the  ditference  of  two  equations;  and,  therefore, 
J  frequently  tried  to   unravel  the  cause  and  magnitude  of  ths 
indeterminate  one,  but  without  success.     At  length,  about  the 
middle  of  the  following  September  (1811),  ray  attention  being 
ioToltmtarily   turned  to   a  consideration    of  Newton's  opinioB 
jespecting  the  cause  of  gravitation,   1  fancied  that  I  saw  a  tnie 
«olution  of  the  difficulty  m  question,  as  well  as  a  complete  deve* 
lopment  of  the  cause  of  gravitation.     If,  ai^ued  I  with  myself, 
gravitarion  depends  upon  the  action  of  an  elastic  medium,  sudi 
as   Newton  supposes,   which   grows   rarer  and   rarer    as   yoa 
^proach  the  dense  bodies  of  the  sun  and  planets,  there  ought  t(r 
})e  some  reason  for  this  variation  of  density ;  and  as  Newton  hitf  4 
not,  as  far  as  1  could  perceive,  given  any,  I  began  to  consida 
Trhat  it  might  *  be.     And  after  some  little  thinking,  it  occurred 
to  me,  that  if  this  medium  be  of  the  same  nature  as  our  atmo- 
sphere and  other  gaseous  bodies;  that  is,  if  it  be  capable  rf 
"being  expanded  by  heat,  and  contracted  by  cold,  then,  the  sun 
l>eing  a  very  hot  body,  and  the  heat  being  so  much  the^  greater 
the  nearer  we  are  to  him,  the  density  of  the  medium  oughts  A 
therefore,  to  decrease  with  a  decreasing,  and  increase  with  as  ■jl 
increasing  distance,  the  same  as  Newton  would  have  it.     And  Jj 
'because  we  find  by  experience  that  dense  solid  bodies  receiiv  « 
ieat  more  strongly  than  much  rarer  ones,  particularly  than  ' 
gases,  the  dense  bodies  of  the  planets  being  heated  by  the  solar  * 
rays  as  well  as  by  the  medium  about  them,  ought,  it  appeared  t(K  ■* 
me,  to  be  hotter  than  this  medium,  and  cojisequently  ought  tO  ' 
produce  the  same  effects  on  the  medium  as  the  sun,  though  not  > 
in  BO  great  a  degree.     Therefore  if,  as  Newton  imagines,  the   • 

•  The  otJy  acronnti  I  hud  wen  of  Ncwion's  ideis  of  Ihii  snbject  weifl  in  M»  Option 
and  at  the  end  of  the  Piindpia.     1  have,  }iu<rover,  late!)'  toA  a  letter  thm  he  wnK — 
Mr.  Eoylc,  printed  inliiihop  Hoioley'i.  cSiton  of  \ii»  ■■wiV*,  "sWieinlie  gives  btai 
aha  ofibistiuid  Diedium  M  bring  offlie  6ameTiM.u«aEQMT»ii. 
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ptrtides  of  the  planets  be  impelled  towards  the  sun  by  the  ine* 
quality  of  pressure  on  their  further  and  nearer  sides,  the  denser 
parts  of  the  mediuoi  pressing  more  forcibly  than  the  rarer,  the 
same  reason  will  likewise  hold  good  why  bodies  should  be 
impelled  towards  the  planets  and  other  material  parts  of  the 
system. 

And  by  considering  these  things  further,  it  seemed  to  me  that 
if  such  be  the  cause  of  gravitation,  the  intensity  of  the  impeUingf 
force  should  be  subject  to  the  influence  of  two  circumstances  ; 
namely,  the  number  of  particles  in  the  central  body,  and  their 
temperature ;  so  that  it  becomes  greater  when  either  of  Uiese 
becomes  greater,  and  less  when  it  becomes  less.  But  since  the 
earth  in  its  passage  round  the  sun  is  sometimes  at  a  greater  and 
sometimes  at  a  less  distance  from  it ;  and  since  the  regione 
which  are  nearer  the  sun  are  hotter  than  those  which  are  more 
remote,  the  temperature,  and  consequently  the  attraction  of  the 
earth,  should  increase  as  the  earth  approached  the  sun,  and 
diminish  as  it  receded  from  it,  so  as  to  be  greatest  about  the 
perihelion,  and  least  about  the  aphelion.  And  this  being  the 
case,  the  moon  must  move  in  a  contracted  orbit,  and  swifter 
round  the  perihelion  earth,  and  in  a  dilated  orbit,  and  slower 
round  the  aphelion  earth  ;  by  which  means  an  equation  to  the 
moon's  mean  motion  must  be  generated  contrary  to  the  ann.  equa» 
and  diminish  it,  the  same  as  I  had  supposed  some  unknowni 
equation  ought  to  do  with  the  theoretical  annual  equation  t^ 
teduce  it  to  the  tabular. 

Thus  it  happened  that  the  inadequate  method  of  computation 
I  bad  adopted,  brought  out  a  quantity  which  so  well  accorded 
with  my  first  theoretical  views  of  the  cause  of  gravitation,  that  I 
could  not  help  placing  great  confidence  in  the  theory  I  had 
embraced.  I,  tnerefore,  carried  on  my  speculations  with  that 
ardour  which  a  strong  prejudice  in  favour  of  the  truth  of  my 
'principles,  and  the  sanguine  hopes  of  succeeding  in  so  great  a- 
problem  as  that  of  developing  the  cause  of  gravitation,  mieht 
naturally  be  supposed  to  inspire ;  but  I  soon  found  that  before 
I  could  proceed  any  further,  I  must  establish  the  cause  of  heat^ 
and  reduce  its  phsenomena  to  mathematical  laws.  This  I  at  first 
attempted  to  do  by  endeavouring  to  find  out  the  relation  which 
Bhoula  exist  between  the  masses  of  the  particles  of  the  ethereal 
medium  and  their  repulsive  force,  in  an  equation  connected  with 
their  distances  from  the  sun.  But  being  disappointed  in  this^ 
and  a  great  number  of  other  ^attempts  that  I  made,  I  became 
much  dispirited,  and  was  often  on  the  point  of  forming  a  reso* 
lution  never  to  consider  the  subject  agam.  Indeed  I  frequent^ 
wished  to  persuade  myself  that  the  discovery  was  altogether* 
beyond  the  reach  of  human  ability ;  and  with  this  view  taed  to 
tiirust  it  ehtirely  from  my  mind.  Yet  sometimes,  when  taj 
thoughts  were  involuntarily  turned  this  way,  the  idea  that  t<R<v 
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inanimate  bodies  could  act  on  «ach  other  at  a  distance  withont 
some  other  means  than  that  of  a  mere  tendency,  or  inclination, 
in  them  to  approach,  would  appear  so  strongly  un philosophical, 
and  the  apparent  coincidence  of  several  phenomena,  with  cottf 
elusions  I  had  drawn  from  my  notions  of  gravitation,  so  vOf 
seducive,  iJiat  I  could  not  avoid  thinking  the  views  I  had  taktt 
were  tolerably  correct ;  and  that  there  was  only  wanting  thft 
direction  of  buuib  happy  idea,  which  patient  perseverance  mieht 
possibly  attain,  to  set  tlie  whole  in  a  clear  and  irrefragable  light; 
Thus  between  hope  and  despair,  between  unceasing  attempts 
and  mortifying  failures,  1  continued  until  May  1814,  at  whidl 
timemy  ideas  of  heat  underwent  a  complete  revolution.  Previom' 
to  this  time  I  had  conceived  heat  to  be  the  effect  of  an  elaetid 
fluid ;  and  on  this  supposition  had  repeatedly  attempted  tft 
reduce  its  laws  to  mathematical  calculation ;  but  uniform  disap- 
pointment at  length  induced  me  to  give  this  hypothesis  a  carefU 
investigation,  by  comparing  it  with  general  and  particular  phieno- 
mena.  The  result  of  this  mvestigation  convinced  me  that  heat 
could  not  he  the  consequence  of  an  elastic  fluid.  At  the  time  I 
was  making  this  comparison,  I  took  every  opportunity  of  &ai- 
mining  how  far  the  other  hypothesis  (which  until  now  I  had 
forgot  was  sanctioned  by  the  names  of  Newton  and  DavJ^ 
agreed  with  phajnomena,  and  was  so  well  pleased  with  its  sim- 
plicity, and  the  easy,  natural  manner  in  which  the  different 
phcenomena  seemed  to  flow  from  it,  that  I  regretted  havio^ 
neglected  it  so  long,  and  determined  to  consider  it  more  atteit- 
dvely.  A  difficulty,  however,  soon  appeared  in  the  applicatioa 
of  this  theory  of  heat  to  gaseous  bodies,  which  1  had  some 
trouble  to  conquer;  for  as  I  still  adhered  to  the  hypothesis  oT 
gases  being  composed  of  particles  endued  with  the  power  of 
mutually  repelling  one  another,  I  could  by  no  means  imaginfr 
liow  any  intestine  motion  could  augment  or  diminish  this  powei'r 
Here  then  I  was  involved  in  another  dilemma ;  but  after  1  hali, 
revolved  the  subject  a  few  times  in  my  mind,  it  struck  me  thstt 
if  gases,  instead  of  having  their  particles  endued  with  repulsive 
forces,  subject  to  so  curious  a  limitation  as  Newton  proposedy 
■were  made  wp  of  pardcles,  or  atoms,  mutually  impinging  on  onfe 
another,  and  the  sides  of  the  vessel  containing  them,  such  A 
constitution  of  aeriform  bodies  would  not  only  be  more  simplB 
than  repulsive  powers,  but,  as  far  as  I  could  perceive,  would  B6' 
consistent  with  phs^nomena  in  olher  respects,  and  would  admit 
of-an  easy  application  of  the  theory  of  heat  by  intestine  motion. 
Such  bodies  I  easily  saw  possessed  several  of  the  properties  dF 
gases;  for  instance,  they  would  expand,  and,  if  the  particles  be 
vastly  small,  contract  •almost  indefinitely;  their  elastic  force 
would  increase  by  an  increase  of  motion  or  temperature,  and 
diminish  by  a  diminution;  they  would  conceive  heat  rapidly, 
'  condact  it  slowly ;  would  ^eia«a.\£  \v«iA.  b^  &udd«a-c 
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Cwsicm, 'Bod^Mlestroy  it  by  sudden  ravefaetion;.. and  anytwo^ 
▼ii|g^€¥er  so  email,  a  oommunication, 'would  Quickly    and 
equally  intermix. 

Besides  these,  other  properties  equally  consistent  and  gratify- 
ing, presented  themselves ;  but  as  tnese  were  merely  loose  views 
of  .die  subjecti  I  soon  resolved  to  examine  it  more  rigorously,  and 
toitryif  1  could  not  bring  it  to  the  test  of  mathematical  laws, 
la  ^isy.  however,  I  met  with  a  difficulty  considerably  superior  to 
any  I  had  yet  encountered  in  the  course  of  my.  analysis,,  and 
wluch,  before  1  overcame  it,  gave  me  more  real  uneasiness  than| 
perhaps,;  it  can  be  imagined  it  should.  But  the  truth  is,  my 
views  of  the  subject  expanded  so  much  as  I  proceeded  that  even 
in  this  early  stage  I  fancied  I  perceived,  in  the  solution  of  thei 
probleiijt  I  was  about,  not  only  the  discovery  of  the  cause  of  gra- 
vitation, but  also  of  the  causes  of  all  the  other  phenomena  4>f 
nature ;  and  my  thoughts  were,  therefore,  turned  upon  it  wiUi 
an  intenseness  and  anxiety  which  I  never  before  experienced, 
and  which  can  scarcely  be  appreciated  except  by.  those  who  baft'e 
heew  placed  in  a  similar  situation.  To  meet  now,  therefore, 
when  I  thought  I  had  almost  completed  the  discovery,  with  an 
obstacle  which  it  baffled  my  utmost  efforts  to  surmount,  and 
which  threatened  destruction  to  the  fabric  I  had  so  laboriously 
endftavoored  to  raise,  was  a  shock  I  had  hardly  philosophy 
enough  to  withstand.  However,  as  I  had  proceeded  so  far,  and 
had  been  so  much  led  away  by  the  seducing  coincidence  of  the 
oonsequences  of  my  theory  with  phsnomena,  I  determined  to 
examine  it  thoroughly,  and,  if  I  should  find  it  erroneous,  topub- 
hsh  it  together  with  the  illustration  of  its  errors,  thatif  itconid 
do  no  other  good,  it  might  serve  for  a  beacon  to  prevent  others 
fiK>m  running  gainst  the  rock  on  which  my  hopes  and  expecta- 
tiotts  had  been  wrecked. 

The  obstacle  to  which  I  allude  is  this :  I  saw  directly  I  began 
to. consider  circumstances  attentivelv,  that  if  the  constitution  of 
things  be  such  as  I  supposed,  the  ultimate  atoms  of  all  bodie/s^ 
and,  therefore,  the  particles  of  these  gases,  which  I  looked  upon 
to  be  no  more  than  these  ultimate  atoms,  must  be  absolutely, 
hard  ;  they  must  admit  of  no  breaking,  splitting,  shattering,  or 
any  impression  whatever ;  and  yet  if  the  gases  are  to  maintain 
their  elastic  property,  and  this  property  be  the  result  of  the  par- 
ticles mutually  impinging  on  one  another  and  the  sides  of  the 
containing  vessel,  the  particles,  or  atoms,  must  likewise  be 
elastic;  that  is,  they  must  be  soft;  for  elasticity,  according  tQ 
the^ideas-we  have  of  it,  is  nothing  but  active  softness.  There-* 
to9^,  it  appeared  to  me  that  the  ultimate  atoms  ought  to  possesa  ' 
two  properties  in  direct  contrariety,  hardness  and  softnei^i| 
vrhioh  is  manifeiBily  impossible. 

(Having  arrived  at  tnis  conclusion,  which  appeared  to  render 
the  prorabtlity  of  success  of  all  future  inquiries  in  this  track, 
dmyrnitfi^  it  mij[:hf  hr  fliippoErf  d  that  vrij  jew»to*^Q9Q&&  Wi^\jsc-. 
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■linated.  Nor,  perhaps,  is  there  any  thin?  that  could  hava 
induced  me  to  perplex  myself  any  more  with  this  subject ;  bat 
the  resolution  I  had  formed  to  examine  it  thoroughly,  and  a  fond- 
ness for  the  plausibility  of  my  preconceived  notions  that  I  could 
not  shake  oif,  and  which  would  oftentimes,  even  against  my 
inclination,  prompt  me  to  try  to  explain  away  the  absurdity  I 
had  brought  out.  The  first  tning  that  suggested  itself  for  uiit 
purpose  was,  that  elasticity  mi^ht  spring  from  a  different  source 
to  what  was  commonly  believed,  and  might  be  the  property  of 
hardness ;  for  I  observed  that  the  harder  the  bodies  are,  gene* 
rally  speaking,  the  more  elastic  they  are.  Thus  glass  is  ver* 
hard,  and  likewise  very  elastic ;  and  the  same  is  true  of  ste^ 
and  most  of  the  other  metals.  Upon  this  hypothesis,  therefore, 
I  now  tried  to  investigate  the  laws  of  gaseous  bodies  ;  and  as 
far  as  I  then  carried  my  speculations,  the  conclusions  I  drew 
exactly  coincided  with  pneenomena.  But  reflecting  more  deeply 
on  the  subject,  I  convinced  myself  tliat,  however  well  these 
inferences  and  phsen  omen  a  might  agree,  elasticity  could  not  be  a 
property  of  hardness  ;  and,  therefore,  that  the  hypothesis  I  had 
assumed  could  not  be  correct.  At  length,  after  a  great  deal  of 
intense  and  fruitless  thought,  I  remembered  that  when,  some 
years  before,  reading  the  vulgar  doctrine  of  the  colhsion  of  hard 
bodies,  I  was  very  iar  from  being  satisfied  with  it ;  but  looking 
upon  it  then  as  an  abstract  and  almost  useless  subject,  I  could 
not  summon  resolution  enough  to  give  it  a  critical  investigation. 
Being  now,  however,  drawn  to  the  point  by  my  analytical 
inquiries,  the  recollection  of  this  dissatisfaction  excited  me  to 
consider  the  circumstances  connected  with  it  attentively.  The 
result  of  this  consideration  was  a  theory  for  the  collision  of  haWl 
bodies,  so  veiy  different  from  the  received  theory,  that  it  vrti 
not  until  I  had  examined  it  in  a  variety  of  shapes,  had  brought 
it  to  the  test  of  experiment  by  ray  mathematical  investigatiw 
of  the  laws  of  gaseous  bodies,  and  had  found  that  a  theoiy 
something  like  it  had  been  formerly  given  by  Wren  and  Huy-> 
gens,  that  I  could  satisfy  myself  I  had  not  committed  soms 
oversight.  But  having  considered  and  reconsidered  it  many 
different  ways,  without  discovering  any  thing  that  could  militate 
against  it,  I  proceeded  to  carry  on  my  theory  as  far  as  I  judged 
it  would  be  wanted,  and  then  assumed  the  following  postulata  at 
the  basis  of  my  future  inquiries. 

Poslulata. 

1.  Let  it  be  granted  that  matter  is  composed  of  inert,  massy^ 
perfectly  hard,  indestructible  atoms,  incapable  of  receiving  any 
change  or  impression  in  their  original  figure  and  nature. 

2.  Let  it  be  granted  that  all  solid  and  fiuid  bodies  have  their' 
smaller  parts  composed  of  these  atoms,  which  may  be  of  different 
~- —  and  figures,  and  variously  associated,  according  to  tb* 

~f  which  the  constitution  auA  Tvi^ute  o^  \!&«  \i(Av» — 
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'  3.  Let  it  be  granted  that  gaseous  or  aeriform  bodies  consii^ 
ofatomsy  orparticlesy  moviDg  about,  and  among  one  anotheif, 
with  perfect  freedom. 

'  4.  Let  it  be  granted  that  what  we  call  heat  arises  from  an 
intestine  motion  of  the  atoms,  or  particles,  and  is  proportional 
to  tbeir  individual  momentum. 

5.  Let  it  be  granted  that  a  gaseous  body  of  very  ^at  tenui^ 
in  its  parts  fills  all  space,  and  extends  to  its  utmost  hmits. 
'  I  have  purposely  put  these  hypotheses  (if  indeed  we  can  call 
those  things  hypotneses  which  have  been  deduced  from  the 
analysis  of  phsenomena)  into  the  form  of  postulata,  to  avoid 
Imng  obliged  to  establish  them  by  direct  demonstration.  It  is 
not  my  intention,  for  the  reasons  I  have  already  given  in  the 
beginning  of  this  memoir,  to  make  any  comparative  remarks  on 
•"their  relative  simplicity  and  probability.  I  shall  only  say  a  few 
words  for  the  purpose  of  explaining  the  diiBTerence  between  my 
views  on  certain  points  and  those  which  have  been  taken  by  others. 

One  of  the  sublimest  ideas  of  the  ancients  was,  that  there  is 
but  one  kind  of  matter,  from  the  diiBTerent  sizes,  figures,  and 
arrangements  of  whose  primitive  particles,  arises  all  that  beau- 
tiful variety  of  colour,  hardness  and  softness,  solidity  and 
fluidity,  opacity  and  transparency.  Sec.  which  is  observed  in  the 
productions  of  nature.  Our  first  two  postulata  do  not  necessa- 
rily require  that  there  should  be  but  one  kind  of  matter ;  there 
may  be  several  kinds.  But  since  it  seems  possible  to  account 
for  all  the  phsenomena  on  the  supposition  of  one  kind  only,  and 
since  nature  is  always  disposed  to  employ  the  simplest  machi- 
nery, probability  is  strongly  in  favour  of  the  ancient  idea.  In 
fiu^t  it  does  not  seem  to  be  impossible,  from  some  of  the  phseno- 
mena of  light  and  other  circumstances,  to  show  that  nature  has 
embraced  the  simplest  means,  and  has  likewise,  if  not  in  the 
size,  at  least  in  the  figure  of  the  atoms,  confined  herself  within 
certain  limits.  But  these  things  are  too  recondite  to  be  pursued 
in  this  memoir ;  and  experiments  have  not  yet  furnished  us  with 
suflScient  data  to  be  able  to  exhibit  the  exact  line  and  rule  with 
which  nature  has  laid  out  her  work. 

Philosophers,  since  the  time  of  Newton,  have  taught  us  that 
the  elasticity  of  gases  is  owing  to  a  mutual  repulsion  betweeu 
their  particles,  by  which  they  endeavour  to  fiy  from  one  ano- 
ther ;  but  by  our  third  postulatum  we  have  divested  motter  of 
this  repulsive  property,  and  nevertheless,  as  it  will  be  seen,  the 
laws  of  gaseous  bodies,  investigated  under  this  point  of  view, 
agree  mathematically  with  phaenomena. 

The  advocates  for  the  theory  of  heat  by  intestine  motion  have 
usually  considered  the  temperature  as  measured  by  the  velocity 
of  vibration ;  and  I  am  not  aware  that  any  of  them  have  defined 
it  otherwise.  This  will  do  very  well  for  different  temperatures  of 
the  same  body ;  but  it  seeins  to  require  the  dieory  I  have  given 
in  the  fourth  postulatum  to  enable  us,  undet  aSl  cgttCTOWi\«^ y^a^ 
to  compare  the  temperatures  of  different  bod\e^. 
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In  the  fifth  poetDlatum  I  have  given  the  fluid  of  Newton  for 
explaining  the  cause  of  gtavilEition.  This  illustrious  pliilosofJieT 
has  so  clearly  developed  his  ideas  of  the  nature  and  action  of 
this  etherial  fluid,  that  I  have  had  scarcely  any  thing  to  do  but 
to  confirni  them  with  the  application  of  the  principles  of  our 
third  and  fourth  postulata.  It  is  true  that  the  novelty  of  the 
views  I  have  been  obliged  to  take,  and  the  unbeatenness  of  the 
track,  have  rendered  even  this  a  task  of  some  difGculty ;  hnt 
4he  results  I  have  obtained  will,  I  presume,  convince  the  Royal 
Society  that  my  efforts  have  not  been  wholly  unsuccessful ;  axiA 
that  this  idea  of  Newton,  which  hss,  from  the  uniform  want  of 
succe&s  to  demonstrate  it,  often  been  placed  to  the  account  «f 
this  great  man's  foibles,  was  nut  adopted  upon  hght  grounds,  or 
without  mature  consideration. 

H»*'     Of  the  Collision  of  perfectly  harh  Bodies.  j 

De^nitiom  of  Hardness,  Softness,  and  Elasticity/.  \ 

Def.  1. — That  body  is  peifectly  hard  whose  figure  cannot  be   \ 
altered  by  any  weight,  or  percussion. 

Corollary. — Hence  a  perfectly  hard  body  most  also  be  pe^ 
fectly  entire;  for  if  it  be  composed  of  parts,  there  may  be  a 
force  sufficient  to  separate  them,  and  then  the  figure  would  be 
changed,  which  is  against  the  definition.  By  a  hard  body,  1 
mean  one  without  parts,  unchangeable,  and  indivisible,  sucli  vh 
perhaps,  the  primaiy  particles  of  matter  are. 

Def.  2. — The  figure  of^  soft  body  yields  to  pressure,  or  perj^ 
cussion,  without  recoveri/g  itself  again. 

'  Cor. — Hence  a  soft  body  cannot  be  entire,  but  must  be  cont 
posed  of  parts,  which,. being  displaced,  retain  whatever  situatiat. 
IS  given  tnem. 

lief.  3.— A  perfectly  elastic  body,  like  a  soft  one,  suffers  its 
figure  to  be  changed  by  force,  but  recovers  it  again  with  ao 
energy  equal  to  the  force  by  which  it  was  changed. 

Cor.  1. — Therefore  an  elastic  body  does  likewise  consist.tff 

§  articles,  which,  like  the  particles  of  a  soft  body,  may'be 
eranged  ;  but  as  soon  as  the  power  is  overcome  by  which  thf^ 
were  disturbed,  they  exert  as  much  force  in  recovering  then 
situation,  as  was  used  in  depriving  them  of  it. 

Cor.  2. — Because  an  elastic  body  recovers  its  figure  with  the 
same  force  by  which  it  was  changed,  as  much  motion  ia  gene- 
rated in  the  recoveiy  as  was  destroyed  in  the  loss  of  the  figure. 

Prop.  I. 

If  two   bodies   absolutely    hard    impinge    on   one   another, 

the  duration,  or  smartness,  of  the  stroke,  is  independent  of 

the  velocity  of  the  contact ;  that  is,  it  is  neither,  augmented  not 

dnainisheaby  any  increase  ot  dxiuvtHOiwino^tVe't^V^^'vexelaeily 

of  the  bodies. 
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'  TFor'the  bodies  being  absolutely  hard,  their  figures  do  not 
^^d  to  any  stroke;  however  great  it  may  be^  and,  therefore,  the 
Aoek  is  no  sooner  given  at  one  part  than  it  is  equally  felt  at 
fivety  other ;  that  is,  supposing  the  stroke  is  given  in  the  diree^ 
Ifam  of  the  centre  of  gravity.  Therefore,  the  stroke  can  haveno 
duration,  and  consequently  no  increase  or  diminution  of  velocity 
ISaaproduce  a  difference. 

the  same  thing  might  also  be  proved  thus  :  Let  two  unequal 
luurd  baUs,  moving  with  equal  momenta  in  opposite  directions^ 
%e  conceived  to  come  in  contact  at  the  same  time  with  the  oppo* 
tite  parts  of  another  hard  ball  at  rest,  then  will  the  intermediate 
IaU  remain  at  rest,  and  not  titubate  the  one  way  or  the  otheiv 
nor  be  any  more  affected  than  if  it  had  not  been  struck  at  all^ 
%r  sinc^  the  contacts  are  made  at  the  same  time,  if  the  inter-- 
mediate  ball  titubates,  that  ball  towards  which  it  moves  must 
take  a  longer  time  to  ^ive  its  stroke  than  the  other,  and  cannot 
have  completed  it  untd  the  titubation  is  destroyed,  because,  «R 
soon  as  the  strokes  are  finished,  the  intermediate  body  evidently 
becomes  quiescent  in  consequence  of  the  assumed  equality  of 
the  momenta  ;  but  the  balls  being  absolutely  hard,  their  fiffurea 
'do  not  yield  to  the  stroke,  and,  therefore,  this  exterior  boc^ 
itself,  towards  which  the  intermediate  one  titubates,  before  ^ft 
'lias  finished  its  stroke,  must,  on  the  supposition  of  titubation  in 
the  middle  ball,  have  moved  backwards ;  that  is,  before  it  hsB 
'ftiished  the  stroke,  it  must  have  had  all  its  momentum  destroyed^ 
and  a  new  contrary  one  generated.   But  the  whole  stroke  wbiefa 
the  baU  could  give  consisted  in  its  momentum ;  consequently  the 
n[>ody  must  have  given  its  entire  impulse  before  it  has  completed 
it,  which  is  absurd.    Therefore  the  intermediate  body  does  laot 
jtitcibate,  and  the  strokes  are  made  equally  smart  or  in  equal  por- 
tions of  time,  or  rather  both  strokes  are  made  in  portions  of 
time  which  have  no  duration. 

By  deducing  the  collision  of  hard  from  that  of  soft  bodies,  A«e 
likewise  arrive  at  the  same  conclusion.  At  the  moment  two  soft 
bodies  come  in  contact,  the  anterior  parts  of  the  second  body 
communicate  motion  to  the  posterior  parts  of  the  first  body,  and 
a  slight  check  is  given  to  the  second.  The  parts  of  the  bodi6» 
'gelding  to'  the  blow,  the  bodies  themselves  approach  nearer.  -In 
the  second  instant  another  acceleration  and  retardation  take 
{dace,  and  the  bodies  approach  still  nearer.  The  same  thiras 
ensue  in  the  third  and  succeeding  instants,  until  at  length  .tae 
second  body  has  itself  lost  and  communicated  to  the  first  body^a 
sufficient. degree  of  motion  to  enable  it  to  move  with  the  same 
Telocity  which  the  second  body  has  then  left;  after  which  the 
MrcdLe  ceases,  the  two  bodies  are  at  their  least  distance, 'and^ffo 
on  together.  Thus  it  is  with  the  colhsion  of  soft  bodies,  aSd 
those  whosie  figures  are  yielding,  except,  perhaps,  that  the 
■farbkes  are  given  in  continued  unceasing  pressurci  and;  not  in  la 
UibcMon  ofmpnhes  at  >stu«lid  ihtertab  V  Vut  m  i(\iMte»<t«t  ^^mj 
t^ife'ifaoeeir^t&he  done/ it  amounts' td'tiaefma\«%iSi^^  "^ 


Mr.  Herapatk  an  the  Causes,  Laws,  and  principal  [April, 
time  is  always  consumed.  If  now,  other  things  being  alike,  vf» 
suppose  the  bodies  to  increase  in  hardness,  then,  since  theii 
parts  have  a  less  disposition  to  yield  to  the  force  of  percussion, 
the  intensity  of  the  impulses  (if  we  suppose  the  stroke  to  be 
given  in  impulses)  will  be  stronger,  the  quantity  of  motion  conw 
tnunicated  by  each  greater,  ana  the  time  of  the  whole  stroke, 
therefore,  shorter.  And  if  we  suppose,  cteteris  paribus,  the  hard- 
ness to  increase  still  more,  the  duration  of  the  stroke  will  be 
still  less,  until,  if  the  hardness  be  perfect,  there  will  be  no  yielda 
ing  of  figure,  and  no  diii-ation  for  the  strokes.  And  since  thii 
is  the  case  with  every  stroke  between  perfectly  hard  bodies,  iA 
follows  that  all  the  strokes  between  bodies  absolutely  hard  haw 
no  duration,  and  are  thence  equally  smart. 

Cor, — Hence  we  gather,  that  in  perfectly  hard  bodies,  the 
intensity  of  the  impulse  depends  on  the  violence  or  momentam, 
of  contact,  and  is  independent  of  the  velocity  of  contact,  except 
inasmuch  as  it  is  augmented  or  diminished  by  that  velocity. 

Prop.  II. 

If  a  hard  spherical  body  impinge  perpendicularly  on 
hard  fixed  plane,  the  body  will,  after  the  stroke,  remain  at  n 
on  the  plane. 

For  the  plane  having  no  motion  of  its  own,  and  being  fixed,  1 
the  force  with  which  the  bodies  come  in  contact  will  be  equalU  f 
the  momentum  of  the  ball ;  and  because  action  and  reaction  an  I 
equal  and  contrary,  this  momentum  is  the  force  with  which  &t  I 
ball  acts  upon  the  plane,  and  the  plane  reacts  upon  the  ball  it  t 
the  instant  of  contact.  The  force,  therefore,  with  which  tLe  I 
ball  is  acted  on  by  the  plane  at  the  time  of  the  contact  in  i  | 
direction  opposite  to  its  motion  is  just  equal  to  its  momentum;  I 
consequently  the  momentum  and  action  ofthe  plane  being  eqoil  I 
and  opposite  destroy  one  another ;  and  the  ball  having  no  ouMf  ) 
tendency  continues  at  rest  on  the  plane. 

Cor.  I. — Hence  a  hard  ball  impmging  obliquely  upon  a  fixed 
hard  smooth  plane  slides  along  the  surface  of  it  in  a  determinate 
direction  with  a  determinate  -velocity.  For  if  the  motion  of  the 
body  previous  to  the  contact  be  resolved  into  two,  one  perpendi- 
cular and  the  other  parallel  to  the  plane,  the  perpendicular  part 
will  be  entirely  destroyed  by  the  contact,  but  the  other  part 
being  that  with  which  the  body  would  neither  recede  from,  nor 
approach  the  plane,  will  continue  the  same  after  as  before  the 
stroke,  and  will  induce  the  body  to  slide  along  the  surface  of 
the  plane  in  its  direction,  and  wiln  its  entire  force. 

Cor.  2. — From  this  proposition  it  appears  that  if,  instead  of 
the  plane,  the  body  meets  with  another  equal  and  hard  body 
moving  equally  in  an  opposite  direction,  the  intensity  of  the 
stroke  will  be  twice  as  great  as  between  the  body  and  the  plane ; 
for  the  plane  being  fixed  contributes  nothing  to  the  violence  of 
tbe  blow,  but  the  other  \iody  comm^  wXyJa  mi  at^'iV foxte  in  s 
^^trary  direction,  adds  its  whoYe  motion  to'CaeWufwi.'&i.-^ 
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She  other  body  would  have  come  \a  contact  with  the  plane,  and, 
{jtherefore,  makes  the  stroke  twice  as  great. 
,     This  might  probably  be  made  more  obvious  thus  :  Suppose  a 
Qiard  plane,  or  other  body,  be  held  against  a  fixed  hard  body, 
I  and  in  this  way  receive  the  impulse  of  the  ball ;  then,  because 
I  fliat  part  of  the  intermediate  body  which  is  against  the  fixture  1* 
I  not  urged  any  way  by  that  fixture,  the  force  with  which  the  baH 
eomes  in  contact  with  the  other  side  is  the  force  with  which  the 
sides  of  this  intermediate  body  are  driven  together;  but  this 
.  force  is  the  monumentum  of  the  ball ;  therefore,  that  momentum 
K  the  force  of  constipation  in  this  case.     But  if  we  now  ^  the 
intermediate  body,  and  instead  of  the  fixed  body  on  one  side  of 
it  imagine  another  equal  ball  to  c;ome  in  contact  with  it  at  the 
lame  time  as  the  former,  and  with  an  equal  momentum,  then  the 
fcrce  with  which  each  surface  of  this  intermediate  body  is  urged 
towards  its  centre  is  equal  to  the  momentum  of  each  of  the  b^ls ; 
ttd,  therefore,  the  force  with  which  the  two  surfaces  are  ui^ed 
together  is  equal  to  the  sum  of  these  momenta,  or  to  twice  one 
of  them;  but  this  force  is  manifestly  the  force  with  which  the 
two  balls  would  have  come  in  contact  if  there  had  been  no  inter- 
mediate body;  therefore,  that  force  is  the  double  of  the  force 
Irith  which  either  body  would  have  struck  a  fixed  plane. 

Cor.  3. — Hence  if  two  hard  and  equal  balls  come  iu  contact 
Vrith  equal  and  opposite  momenta,  they  will  separate  afler  the 
Ktroke  with  the  same  velocity  with  which  they  met.  For  since 
the  intensity  of  the  stroke  is  the  force  with  which  each  of  the 
lialU  is  acted  on  in  a  direction  opposite  to  that  in  which  it  came 
at  the  time  of  the  contact ;  and  since  that  intensity  is  by  the 
preceding  cor.  equal  to  twice  the  momentum  of  either  ball,  each 
ball  at  the  time  of  the  contact  might  be  conceived  to  be  acted  on 
by  two  opposite  forces,  one  its  momentum,  impelling  it  towards 
the  other  ball ;  and  the  other,  the  force  of  the  contact  equal  to 
twice  its  momentum  irapelhng  it  in  an  opposite  direction.  The 
difference  between  these  two  forces,  therefore,  or  the  value  of 
one  momentum,  is  the  force  with  which  each  ball  retraces  its 
path ;  and,  consequently,  the  velocity  of  the  separation  of  the 
balls  is  equal  to  the  velocity  of  their  approach.  This  coincides 
with  the  theories  of  Wren  and  Huygens. 

Scholium. 
By  the  old  theory  of  collision,  two  hard  bodies  coming  in  con- 
tact with  equal  opposite  momenta  will  not  separate  after  the 
collision,  but  will  continue  together ;  and  the  reason  assigned  for 
this  is,  that  being  unelastic,  they  cannot,  when  they  meet,  exert 
themselves  to  separate,  and,  therefore,  mast  remain  together. 
Such  a  method  as  this  is  not  reasoning  from  the  property  of 
hardness,  the  physical  force  of  the  impulse,  and  the  effect  which 
that  force  would  have  upon  the  motions  of  the  bodies  ;  but  from 
fce  abaence  of  a  prapetty  which  does  not  be\oi\g  U>  vW  i:^»Si%>^ 
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bodies,  but  to  one  whose  nature  is  so  very  differeut,  as  ta 
almost  the  very  opposite.  HardnesB  and  softness  are  diamt 
oally  upposite  properties,  and  elasticity  is  nothing  but  an  i 
kind  or  softness;  for  elasticity  consists  in  a  vigorous  restoi 
of  an  altered  figure ;  and  no  body  can  have  its  figure  altered 
which  is  not  more  or  less  soft.  To  argue,  therefore,  that  two  haid 
bodies  which  meet  each  other  with  equal  and  contrary  momeata 
cannot  separate  after  collision,  because  they  have  no  el^tici^, 
is  evidently  to  abandon  the  definition  of  hardness,  and  to  adopt 
that  of  elasticity,  which  has  no  connexion  whatever  with  it,  and 
consequently  ought,  in  such  a  case,  to  be  excluded.  It  is  do 
matter  of  surprise,  therefore,  with  such  incongruous  ideas,  that 
mathematicians  have  hitherto  had  erroneous  views  of  the  theoiy 
of  colhsion  of  hard  bodies.  Probably  the  apparent  sterility,  i£ 
not  inutility  of  the  subject,  has  occasioned  an  apathy  towaniir^ 
•crupulous  investigation,  which  the  slightest  idea  of  its  impa 
ance  would  have  easily  removed.  Had  it  been  imagined  tl 
the  collision  of  hard  bodies  was  connected  with  the  develoh' 
loent  of  the  cause  of  heat,  gi-avitation,  light,  magnetism,  electn- 
city,&;C.  itwould  have  been  scrutinized  with  a  care  which  not^uqg 
«ould  have  escaped ;  and  with  a  rigorous  investigation,  1  an 
persuaded  our  ideas  of  the  subject  would  have  been  very  differ^ 
ent  to  what  they  are. 

If  there  be  any  method  of  classification  which  should  bavea 
preference,  it  appears  to  me  it  should  be  to  rank  all  those  bodifii 
under  one  head  which  have  mutable,  and  those  under  anothn 
which  have  immutable  figures.  To  the  latter  class  will  belong 
hard  bodies,  and  to  the  former  every  variety  of  soft  and  elastic 
bodies ;  the  one  will  give  their  strokes  instantaneously,  and  with- 
out the  lapse  of  time ;  the  other,  gradually  and  with  time,  la 
each  particular  case,  the  physical  nature  of  the  impulse  sboiild 
be  considered,  and  a  theory  of  coUision  framed  accordingly. 
With  such  views,  onr  theories  of  collision  would  be  made  to  rest  I 
on  their  true  and  veritable  principles,  the  physical  nature  of  tlie  I 
bodies  and  of  the  strokes  which  they  give. 

Many  simple  experiments  jnight  easily  be  devised  to  prow 
the  truth  of  our  second  cor. ;  for  it  Is  immaterial  on  what  bodij|| 
we  experiment :  we  can  draw  the  same  inference  for  any.  lu 
thing,  however,  is  so  obvious  that  I  have  generally  considered^ 
in  the  light  of  an  axiom  ;  and.  have  often  ascertained  the  opintoi 
of  other  people  on  the  same  subject  by  the  following  questiwl 
*'  Suppose  a  hard  sphere,  moving  freely  with  a  given  velotatn 
atrike  directly  upon  a  hard  fixed  body,  it  would  strike  with  k, 
certain  intensity :  but  now  suppose  that  instead  of  the  fixql 
body  the  moving  sphere  strike  upon  another  hard  equal  bodw 
moving  with  an  equal  velocity,  in  an  opposite  direction,  whS 
would  be  the  relative  intensities  of  these  two  strokes  V  The 
answer  has  invariably  been,  that  the  latter  would  be  the  double 
gfthe  former.    This,  it  muat  \>e  afiowed,  \&  xiQt.  a.  mattaematiffl^ 


to^Ten  a  ph]k>8OThieal  way  of  eatablishingthe  quesliGir;  but  in 
ft^oaae  or  this  Kind>  where  I  thought  my  prejudieer  mifffat 
kifiiieBGe  my  judgment^  it  appeared  no  bad  method  Yofexamimng 
ttb  aoundnessof  my  opinion  by  the  standard  of  other  peopIe^sJ^^ 
From  all  these  circumstances^  it  appears  that  the  yulgar  docH 
tfine  of  the  collision  of  hard  bodies  is,  in  this  particular  caae^ 
incorrect,  by  making  the  intensity  of  the  stroke  only  the  half  of 
nAiAt  it  should  be.  For  the  bodies  remaining  together  after  tbe 
impulse,  the  force  of  the  stroke  upon  each  must  be  equivalent  to 
tikie  motion  destroyed ;  that  is,  to  the  momentum  of.  either  of 
ttiem.  But  the  force  upon  each  is  the  force  with  which  they 
come  in  contact ;  the  force,  therefore,  with  which  they  come,  in 
contact  is  equal  to  the  momentum  of  one  of  the  balls;  that  is^ 
agreeable  to  both  theories,  to  the  force  with  which  either  biA 
alone  would,  with  the  same  momentum,  strike  a  fixed  plane.     . 

Prop.  III. 

If  a  hard  ball  strike  another  hard  ball  at  rest  in  the  line 
of   their  centres   of  gr?Lvitj,  an  exchange  of  state  will  take 

i)lace ;  the  former  will  remam  at  rest  after  the  stroke^  and  the 
alter  will  proceed  in  the  same  direction  in  which  the  first  was 
moving,  and  with  the  same  momentum. 

If  this  be  not  the  case,  the  first  body  must,  after  the  impact^ 
either  move  backwards  or  forwards  in  the  direction  of  the  other 
body,  with  an  equal  or  less  Velocity.  But  it  cannot  move  back- 
Wards,  because  the  intensity  of  the  stroke  itself  on  a  quiescent 
body  can  evidently  never  exceed  the  momentum ;  therefore^  if  it 
move  at  all  after  the  stroke,  it  must  follow  the  other  body^  with 
an  equal  or  less  velocity  than  this  body  acquires  from  the 
impulse.  Suppose  it  be  with  a  velocity  b,  either  equal  to,  or 
less  than,  that  acquired  by  the  other  body;  and  suppose  A 
represent  the  first  body,  and  a  its  velocity  before  the  impact. 
Tnen  because  (a  —  fe),  A  is  the  motion  lost  by  A,  on  account  of 
the  impact,  and  consequently  the  motion  gained  by  B,  the  other 
body.  This  quantity  represents  the  intensity  of  the  impulse. 
And  in  any  other  case  (a^  —  I/)  Pkf  represents  also  the  intensity 
of  the  impulse  ;  but  if  the  quiescent  bodies  be  equal,  and  if  the 
momenta  A  o.  A'  a\  of  A  and  A',  before  the  impact  be  equals 
the  strokes  themselves,  by  cor.  to  prop.  1  will  likewise  be  equal ; 
that  is,  fl  A  —  6  A  =  a'  A'  —  6'  A',  and,  consequently,  6  A  ss 
6*  A' ;  or  the  motion  which  is  left  to  each  of  the  bodies.  A,  A', 
after  the  impulses,  will  be  the  same.  Now  whatever  be  the  value 
of  the  momentum  A  a,  if  we  imagine  the  body  A  to  be  vastly  less 
than  B,  the  velocity  of  B  after  the  impulse  must  be  vastly 
less  than  that  of  A  before  the  impulse;  and,  therefore,  the 
motion  b  A,  which  remains  to  A  after  the  impulse  must  be 
vastly  less  than  A  a,  the  motion  of  A  before  the  impulse.  And 
if  we  suppose  A  so  small  as  to  have  a  ratio  to  B  less  than  any 
assigname  ratio,  the  ratio  of  A  6 ;  and,  theTetot^)  o{  ^f  V  \j^  ^^o,^ 
or  A^  a%  will  aJso  be  less  than  any  assignsXAe  Ta.Uo.   "YtwstiiSsstA^ 
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the  ratio  of  A'  to  B  be  assignable,  the  motion  of  A'  after  th^ 
stroke  will  be  unassignably  small ;  that  is,  the  body  A  will  remi ' 
at  rest.  And  because  b'  A'  is  indefinitely  small  compared 
a'  A',  the  intensity  a'  A'  —  h'  A'  of  the  impulse  will  likewise  bi| 
equal  to  the  momentum  a'  A'  of  the  moving  body  before  thti 
stioke.  But  since  the  intensity  of  the  impulse  is  the  force  ac|r 
iog  upon  the  quiescent  body  at  the  time  of  the  impulse,  >t  is  aba 
equal  to  the  motion  acquired  by  this  body.  Therefore,  if  aliaff 
baU  strike  another  hard  ball  at  rest,  &c. 

Cor.  1. — From  this  proposition  it  is  easy  to, determine  tb^ 
motion  and  direction  of  a  hard  body  striking  obliquely  Hith 
given  momentum  in  a  given  direction  on  another 
hard  body  at  rest.     For  if  A  B  be  the  direction  t 
and    momentum   of  the   body  previous   to  the 
Btroke,  and  B  C  the  direction  in  which  it  strikes 
the  quiescent  body  B,  produce  C  B  to  E,  on 
which  demit  the  perpendicular  A  E,  and  draw 
B  D  equal  and  parallel  to  A  E,  and  B  D  will  be 
the  motion  and  direction  of  A  after  the  stroke, 
and  B  C,  if  equal  to  E  B,  those  of  B. 

Cor.  2. — Hence  it  follows,  that  in  any  oblique  collision  oa  |< 
quiescent  body,  the  motions  of  the  bodies  after  the  impact  will 
be  perpendicular  to  each  other. 

Scholium. 
I  forbear  to  enter  further  into  the  collateral  minutife  of  this 
theorem,  because  it  wouldlead  roe  too  far  out  ofmy  way,  and  I  an 
in  haste  to  arrive  at  things  of  more  importance.  However,  it  iS', 
necessary  to  state  that  1  have  chosen  tliis  indirect  method  i^^ 
demonstrating  this  proposition,  for  the  sake  of  making  it  rest  on 
principles  as  dififerent  and  as  independent  as  possible  of  those  <S 
a  future  proposition,  from  which  it  will  flow  as  a  corollary. 

Prop.  IV. 
If  a  hard  body  overtake  and  strike  anotlier  hard  body,  mO¥< 
ing  with  a  less  velocity  in  the  same  right  line,  the  first  bodj 
will,  after  the  stroke,  continue  its  course  with  the  same 
velocity  which  the  other  body  had  before  it;  and  the  secon4H 
body  will  acquire  from  the  stroke  a  momentum  equal  to  thf 
difference  of  ttie  velocities  pf  the  bodies  previous  to  the  contact 
drawn  into  the  mass  of  the  first  body ;  that  is,  if  A,  B,  represeijt 
the  two  bodies,  and  a,  b,  their  velocities  before  collision,  \h%- 
motion  of  A  afterwards  will  be  A  b,  ail'd  that  of  B,  B  6  +, 
(o  -  i)  A. 

Because  the  bodies  are  both  moving  the  same  way,  it  is  evi-- 
dent  that  we  may  conceive  the  second  body  to  be  at  rest,  anf 
the  other  body  to  strike  it  with  a  velocity  equal  to  the  difference 
of  the  velocities  a  and  b  ;  in  which  case  the  proposition  will  comej 
to  the  same  thing  as  the  last. '  'Vhetefote  {^  —  b)  A  ia  thft 
jnoaieDtuai,   or  force,   of  coWiaion-,  ani  ■vs,  cQiTiBfto^emfli-j^^ 
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notion  acquired  by  B  and  the  motion  lost  by  A.  Wheoee  the 
iMtion  of  A  after  the  stroke  is  A  a  —  (a  —  6)  A  s  6  A,  and 
IkiAotBwBb  +  Aa-  Ab. 

Cor,  1. — By  this  proposition^  the  direction  in  which  a  bodjr 
otrertakes  and  strikes  another  being  given,  as  well  as  the  motions 
atid  directions  of  the  bodies  before  the  stroke,  the  motions  and 
directions  of  the  bodies  after  the  stroke  may 
be  found.    Let  A  6  be  the  motion  and  direc* 
don  of  the  body  A  before  the  impact,  and  let 
B  C  be  the  same  of  B,  and  let  E  B  be  the  di* 
action  in  which  the  impulse  is  made  by  A, 
ind  D  B  the  intensity  of  it,  or  the  .{{i^antity  of 
notion  with  which  A  in  the  line  E  B  overtakes 
ind  strikes  the  body  B.    Then  join  A  D  and 
D  C^    and  they  shall  be   respectively  as  the 
quantities  of  motions  and  directions  of  the  bodies  A  and  B  after 
tne  stroke. 

Cor.  2. — Draw  A  C  ;  then,  since  A  C  is  the  motion  com- 
pounded of  the  motions  A  D  and  D  C,  and  likewise  of  A  B 
and  B  C,  it  follows  that  the  aggregate  motions  of  the  bodies 
liefore  and  after  the  stroke,  reduced  to  the  same  direction,  are 
ike  same :  and,  consequently,  the  motion  of  the  common  centre 
of  gravity  of  the  bodies  remains  unaffected  by  the  impulse. 

Prop.  V. 

If  two  perfectly  hard  bodies,  moving  in  the  same  right-  line 
but  towards  opposite  parts,  come  in  contact,  ani  exchange 
of  motion  will  take  place ;  or  each  body  will  retrace  its  path 
wi&  the  motion  which  the  other  had  before  the  conta.ct. 

Let  A  and  B  be  the  two  bodies,  moving  in  opposite:  directions 
with  the  velocities  a  and  b.  Then,  because  A  «  is  the  motion 
with  which  A  advances  towards  the  parts  B  is  leaving;,  and  B  b 
is  the  motion  with  which  B  advances  towards  the  parts  A  is 
leaving,  the  sum  A  a  +  B  6  of  these  momenta  is  the  motioR 
with  which  the  two  bodies  approach  ;  and,  therefore,  the  motion^, 
or  force,  with  which  their  surfaces  come  ivt  contact.  But  the 
kftce  with  which  the  surfaces  come  in  contact  is  the  force  with 
which  each  surface,  or  body,  is  acted  on  at  the  time  of  contaot 
in,  a  direction  opposite  to  that  in  which  the  body  was  moving. 
Therefore,  at  the  time  of  contact,  each  body  is  acted  on  by  two 
Opposite  forces  ;  one  its  momentum ;  and  the  other,  the  force  of 
contact,  or  the  sum  of  the  momenta  of  the  two.  Consequently, 
the  differ^ice  between  these  foiK^es,  or  ihe  momentum  of  the 
other  body,  is  the  motion  with  Which  either  of  them  is  impelled 
backwards,  and  retraces  its  path  after  the  stroke. 

Cor.  l.«>*-fience  if  one  of  the  bodies  be  at  rest  before  the 
stroke,  tike  other  will  be  at  rest  aftierwards ;  and  that  which  was 
at  rest  wQl  go  on  after  the  stroke  with  a  motioa  ecraALtjc\  ^Vsia^ 
Hie  oiber  huM  before.    Tbeseiliings  coincide  ivijAel  wval  ^^Va^^ 
deduced  in  our  third  proposition ;  but  tke  piooi  Yiet^  ^n«cl  \^ 
Muf  Serie9,  vox.  i.  t 
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■  nuck  more  direct  and  rigorous  than  the  one  in  that  proposition; 
'for  which  reasons  it  will  enable  ua  presently  to  consider  one  or 
two  points  of  our  theoiy  that  we  cou]d  not  before,  at  least  in  the 
-iBiduier  we  are  now  enabled  to. 

'Ccn.  2. — Tlie  motions  and  directions  of  two  balls  being  giveD, 
and  the  <Jirection  in  which  they  strike  one  another  being  also 
given,  the  motions  and  directions  of  them 

■  after  the  attoke  may  be  found.     Let  AC,  ~ 
■'  B  C,  be  the  two  given  motions  previous  to 

the  contact,  and  let  E  C  F  be  the  direction 
in  which  the  balls  strike.  Upon  E  F  let  fall 
the  perpendiculars  A  E,  B  F  ;  and  from  the 
points  E,  F,  draw  E  li,  F  a,  respectively 
•equal  and  parallel  to  F  B,  E  A ;  join  a  C, 
A  C ;  and  a  C  will  be  the  motion  of  A,  and 
kC  that  of  B  -after  the  impulse. 

CW.  3. — From  this  cor.  it  follows,  that  the  compound  motion 
of  tJie  bodies  is  the  same  before  and  after  the  impulse,  for 
draw  A  D  equal  and  parallel  to  C  B,  and  join  D  C,  which  will 
be  the  compound  motion  of  the  bodies  before  the  impulse. 
Likewise  draw  A  A,  B«,  and  &D.  Then  because  E  A,  Fa,  and 
E  i,  F  B,  are  equal  and  parallel,  A  i,  «  B,  are  equal  and  parallel; 
and  because  A  D,  C  B,  are  equal  and  parallel,  o  D,  C  a,  are  also 
equal  and  parallel  ^  but  by  the  preceding  cor.  a  C  is  the  motion 
oi  A,  and  i  C  that  of  B  after  the  stroke  ;  D  C  is,  therefore,  the 
uotton  compounded  of  these  motions.  The  same  U  C  has  also 
lieen  shown  to  be  the  motion  compounded  of  the  motions  of  the 
bodies  before  the  stroke;  whence  the  motion  compounded  of 
the  motions  before  the  stroke  is  the  same  as  the  motion  con^ . 
pounded  of  the  motions  after  the  stroke.  Consequently,  tl8, 
motioa  of  the  common  centre  of  gravity  of  the  bodies  receives 
iflio  diange  from  the  collision. 

Cor.  4, — The  same  inferences  that  we  have  drawn  in  the pre- 
■ceding  cor.  might  have  been  easily  di'awn  from  other  premises. 
For  since  action  and  reaction  are  equal  and  contrary,  the  motion 
of  each  body  is  equally  affected  by  the  stroke  ;  and  whatevetis 
gained  by  the  one  in  any  direction  is  lost  by  the  other  in  the 
same  direction ;  so  that  the  aggregate  motion  of  the  bodies  ii ' 
.any  direction  is  always  the  same,  unless  some  e.vtraneous  forcB 
^interferes. 

ScJioliiim. 

Having  now  brought  our  theory  of  coUisionas  far  as  it  will  be 
■wanted  in  the  subsequent  part  of  the  memoir,  I  shaL  omit  the 
more  intricate  problems  connected  with  it,  and  shall  only  stop, 
■before  I  proceed  to  the  theory  of  gases,  to  consider  another 
-■error  in  the  old  theory,  and  to  clear  up  one  or  two  points  in  the 
JJCBO  where,  I  think,  (rom  the  novelty  of  the  views  and  a  natural 
c^rejadice   in  favour  of  ipreconcevvei  hq^aqtis,  c}Q'iftt^isa&  wl\ 
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According  to  the  commonly  received  theory  of  collision,  when 
a  hard  body  strikes  another  at  rest^  the  two  bodies  proceed  toge- 
ther with  a  common  velocity.  Now  if  these  bodies  have  no  kind 
of  attraction,  they  do  not  press  after  colUsion ;  and;  consequently^ 
either  of  them  may  be  taken  away  without  affecting  the  motion 
of  the  other.  Hence  the  motion  which  the  body  that  was  quies- 
cent  has  acquired  is  proportional  to  the  intensity  of  the  impulse, 
and  may  be  taken  as  a  measure  of  it.  Therefore,  if  the  body  A 
with  a  velocity  of  a  strike  the  quiescent  body  B,  the  velocity  of 

the  balls  after  the  stroke  will,  by  the  old  theory,  be  ^ — -gy    and 

a  A  B 

the  intensity  of  the  stroke  j — g.    The  ball  B  and  other  things 

remaining  the  same,  if,  instead  of  A  we  substitute  a  ball  n  times 

greater,  the  intensity  of  the  stroke  would  be  -~ — ^;  andthere-^ 

fore  the  ratio  of  these  two  strokes  is  that  of  w  A  +  B  to  » 
(A  4-  B).  That  is,  if  two  perfectly  hard  balls  strike  similarly 
and  with  equal  velocities,  two  similar,  hard,  and  equal  balls^ 
B,  B,  at  rest,  the  ratio  of  the  strokes  will  be  that  of  w  A  +  B  to 
n  (A  +  B).  But  by  our  first  cor.  to  the  preceding  prop,  the 
ratio  of  these  intensities  should  be  that  of  1  to  71 ;  and  the  same 
is  true  by  the  third  prop.    The  ratio  of  the  strokes,  therefore,  as 

S'ven  in  the  two  theories,  differs  materially.  When  the  ratio  of 
e  stroke  of  a  less  to  that  of  a  greater  body,  under  the  sama 
circumstances  of  action  is  considered,  it  is  greater  in  the  Old 
than  in  the  new  theory,  and  conversely ;  and  in  all  cases,  except 
one  ;  namely,  the  collision  on  a  fixed  plane,  the  intensity  of  the 
blow  is  less  in  the  old  than  in  the  new  theory.  It  is  not  an  easy 
thing  to  examine  the  truth  of  either  of  these  theories  by  direct 
experiment ;  except,  perhaps,  in  the  case  that  I  have  mentioned 
in  the  scholium  of  prop.  2,  for  want  of  perfectly  hard  bodies  ta 
experiment  on  ;  but  probably,  in  the  absence  of  experiment^  the 

Eerfect  coincidence  of  phaenomena,  and  the  consequences  tliat  L 
ave  drawn,  from  these  new  principles  of  collision  m  the  follow- 
ing theory  of  g«^eous  bodies,  wiljf  be  admitted  to  amount,  as 
nearly  to  an  experimental  proof  as  the  nature  of  the  subject 
allows. 

Besides  the  methods  we  have  adopted  to  consider  various 
points  in  the  collision  of  hard  bodies,  there  are  several  others,  all 
of  which,  however,  come  to  the  same  thing ;  but  the  following 
method  of  examining  the  case  of  this  schol.  which  has  occurred 
to  me  while  I  have  been  writing  this  part  of  the  memoir,  appears 
to  be  so  independent  of  previous  considerations  that  I  have  been 
tempted  to  give  it.  Setting  aside  all  idea  whether  the  bodies 
after  coUision  do  or  do  not  continue  together,  let  us  only  suppose 
that  they  are  absolutely  hard,  that  the  two  quiescent  ones  are- 
perfectly  equal,  and  tnat  the  other  bodies  before  the  strokes 
nave  equal  velocities^  and  move  similaiV^^  -05011  Xjaji  o^^^^^o^ 
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Ijodies.  Then  because  the  bodies  are  perfectly  hard,  the  strokeR  ' 
will  be  equally  diffused,  and  felt  in  every  part  of  the  impinging 
bodies;  and,  therefore,  every  part  of  the  impiDging  bodies  wul 
equally  contribute  to  the  strolce.  And  the  same  things  will 
evidently  hold  good  if  each  impinging  mass,  instead  of  beiog 
one  entire  body,  be  composed  of  two  or  more  moving  along  in 
contact  with  a  common  velocity,  provided  the  centres  of  gravity 
of  all  the  bodies  and  their  points  of  contact  be  all  in  the  Tine  in 
which  the  impulse  is  given.  Again,  because  the  bodies  struck. 
are  equal  and  similar,  and  the  strokes  are  made  similarly  and  witb 
equal  velocities  ;  the  strokes,  as  far  as  they  depend  upon  these 
circumstances,  must  be  identically  the  same.  Therefore,  what^ 
ever  be  the  difference  in  the  intensities  of  the  strokes,  it  is 
wholly  attributable  to  the  difierence  in  the  masses  of  the 
impinging  bodies.  But  we  have  already  shown  that  the  stroka 
is  the  same,  under  certain  conditions,  whether  the  impinging 
body  be  one  or  several  bodies  in  contact.  If,  therefore,  w9 
conceive  the  greater  impinging  body  to  be  composed  of  two,  one 
of  which  is  equal  to  the  other  impinging  body,  then,  since  tha 
mere  contact  of  the  two  parts  can  have  no  influence  in  augment* 
ing  or  diminishing  the  intensity  of  collision  due  to  either  of  them 
separately,  the  intensity  of  the  impulse  of  the  other  body,  and  trf 
the  part  which  is  equal  to  it,  are  consequently  equal.  Bnt 
because  every  part  of  the  impinging  body  equally  contribntes^to  ■ 
the  stroke,  the  intensity  of  the  impulse  due  to  a  part,  whether 
that  intensity  be  equivalent  to  the  whole,  or  only  to  a  portion  of 
the  momentum,  is  to  the  intensity  due  to  the  whole  of  the  body 
as  the  part  is  to  the  whole.  The  ratio,  therefore,  of  the  impulses' 
is  5gu3l  to  the  ratio  of  the  impinging  bodies.  p- 

When  a  hard  ball  strikes  another  hard  ball  at  rest,  in  the  biMf> 
of  its  motion,  the  effect  of  the  collision  is  a  mutual  change  t$ 
state.  And  since  by  cor,  1  to  the  preceding  prop,  this  is  trup 
without  regard  to  the  relative  masses  of  the  balls  :  it  follows  that 
a  body  in  a  state  of  free  and  perfect  quiescence,  howevoi 
small  it  might  be,  will  destroy  the  motion  of  another  body  how- 
ever large  and  however  great  its  momentum.  Thus  then  a  sin^ 
particle  of  matter,  of  the  smallest  dimensions,  to  which  a  very 
small  force  would  give  a  velocity  sufficiently  great  to  avoid  a 
stroke  from  a  very  large  body,  moving  with  a  much  greater 
momentum,  may,  if  struck,  when  at  rest,  stop  another  of  an* 
dimensions  and  moving  with  any  force.  This  conclusion,  which, 
at  first  view,  appears  to  throw  an  air  of  improbability  over  iha 
theory,  will,  upon  a  closer  inspection,  be  found  to  be  perfectly 
natural  and  correct.  For  the  effect  in  motion  on  either  of  the 
bails  is  equal  to  the  intensity  of  the  impulse,  and  that  intensily, 
by  the  aforesaid  cor.  and  by  a  variety  of  other  consideratioM 
which  it  would  be  tedious  to  state,  is  equal  to  the  momentum  of 
the  movingbody.  It  is,  therefore,  not  on  the  relative  T/iagmtudd 
of  the  bodies  that  the  change  of  motion  depends,  but  on  tie 
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snameMium  of  the  moving  body  before  the  contact ;  so  that  the 
effect  of  a  very  large  body  moving  with  a  less  velocity,  may  be 
equal  to  the  effect  of  a  very  smsJl  body  moving  with  a  greater 
velocity.  Hence  the  whole  difficulty  of  this  case  turns  upon  the 
abstraction  of  the  ideas  of  magnitude  and  momentum ;  and, 
therefore,  if  we  admit  a  reciprocal  change  of  state  when  the 
balls  are  about  equals  we  cannot  refuse  it  m  any  other  case. 

Again,  it  has  generally  been  admitted  that  the  relative  motions 
of  bodies,  included  in  a  given  spacer  and  their  mutual  actions  ooi 
ooe  another,  are  the  same,  whether  that  space  be  at  rest,  or  move 
uniformly  forward  in  a  straight  line.  This  is  true  with  elastic 
and  soft  bodies,  and  also  with  hard  ones  when  they  are  equals 
because  then  their  relative  velocity  is  the  same  before  and  after 
the  stroke ;  but  when  they  are  unequal,  it  is  very  different.  la 
cases  where  the  masses  are  very  unequal,  the  difference  in  the 
two  results  will,  in  general,  be  very  great.  Let  a  body  whose 
mass  is  8  and  velocity  6  strike  another  at  rest  whose  mass  is  2  ^ 
then  the  velocity  with  which  these  bodies  separate  after  the 
stroke  is  24.  But  if  we  estimate  this  relatively  to  a  space  moT«- 
ing  with  a  velocity  of  4  in  the  same  direction,  it  becomes  9^ 
which  is  but  little  more  than  a  third  of  the  velocity,  with  which 
the  two  bodies  do  really  separate.  And  the  same  anomalies 
might  be  shown  to  exist  in  other  cases  of  this  theory  with  respect 
to  the  collisions  of  unequal  bodies  under  similar  circumstances* 
It  is,  therefore,  by  no  means  i^imaterial,  as  it  has  generally  beea 
imagined  (Newton,  cor.  6,  of  the  third  Law  of  Motion),  whether 
we  calculate  the  efieots  of  collision  according  to  absolute  ojr 
relative  rest ;  the  substitution  of  the  one  for  the  other  might 
produce  very  erroneous  results.  These  considerations,  however, 
will  not  at  all  affect  the  validity  of  our  deductions  in  the  laws  of 
mseous  bodies.  For  the  particles  moving  and  striking  in  all 
directions,  whatever  force  is  gained  by  relative  motion  in  the 
<me  is  lost  in  the  opposite  direction ;  so  that  the  mean  force, 
which  is  all  that  we  consider,  will  be  the  same  in  both  cases 

(7V>  be  continued*) 


Article  IX. 

Ofi  the  Comparative  Temperature  of  Penzance.    By  Dr.  Forbes. 
(To  the  Editor  of  the  Annals  of  Philosophy.) 

SIR,  Pefutance^  Fek.  3, 1821* 

In  the  small  tract  lately  published  by  me  on  the  Climate  of 
Penzance,  I  have  pointed  out  the  relative  temperature  of  a^ 
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On  the  Comparative  Temperature  of  Penzavce.  [Apeu, 
"-variety  of  places  in  the  island ;  all  which  observations  illnstrate, 
in  a  very  striking  manner,  the  effect  of  the  peninsular  position  of 
this  place  in  ejua/wmg  its  temperature.  In  further  illustration 
of  this  fact,  I  subjoin  the  principal  results  of  the  last  three 
months  at  Penzance  and  Edmonton  (Middlesex),  as  procured  by 
iJie  register  thermometer.  On  this  occasion  I  would  beg 
leave  to  suggest  the  advantage  of  collecting  the  compara- 
tive observations  made  by  register  thermometers  throueliout 
the  kingdom,  and  of  pubhshing  them  monthly,  condensed  into  a 
comprenensive  and  manageable  compass,  as  in  the  following 
table.  If  you  approve  ot  the  proposal,  and  will  solicit  the 
assistance  of  observers  in  different  parts  of  the  kingdom,  I  Lave 
no  doubt  but  this  will  be  cheerfully  granted.  By  such  a  plan  as 
this,  I  am  convinced  a  much  more  clear  and  exact  knowledge  of 
meteorology  would  be  diffused  in  a  few  years  than  by  the  long 
continued  publication  of  the  voluminous  and  unconnected  diariei 
•at  present  diffused  through  various  journals.  If  your  friend  Mr. 
Xuke  Howard,  who  is,  perhaps,  better  qualified  for  the  task 
than  any  other  person,  would  undertake  to  constmct  a  plan, 
■and  submit  it  to  the  public,  I  have  no  doubt  of  the  success 
of  the  measure.  Of  course,  in  this  it  would  be  necessary  to 
include  all  the  more  important  features  of  the  science.  In  the 
following  table  I  confine  myself  to  the  temperature, 

I  am.  Sir,  your  obedient  humble  servant, 

John  Forbes.  ' 

Comparative  Temperature  of  Penzance,  in  Corn  ivull  and  Edmm- 
ton,  Middlesex,  in  Nov.  and  Dec.  1820,  and  Jan.  1821,  I'^the 
Register  Thermometer. 


Absolute  n 

Absolute  minimum 

Mean  of  maxima 

Mean  of  minima 

Mean  of  maximp.  and  minima. 

Extreme  monthly  range 

fMax 

Diurnal  range  -J  Min 

{Med 


Noveuiber.       December.         Januaiy. 
Penz,  Edm.   Feaz.   Eilm.  Penz.  Eda. 


N.B.  The  results  for  Edmonton  are  extracted  from  the  diaiT 
of  Mr.  Adams,  pubhshed  in  the  Literary  Gazette. 
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B  Mr.  Haiison'tMeCeoTohgical  Results  for  Manchester.  [Apeil, 

The  annual  mean  temperature  is  nearly  494-°,  being  a  litlla 
more  than  1°  less  than  the  mean  of  last  year.  The  mean  of  the ' 
first  three  months,  38-5°;  second,  54'4'';  third,  59-9°;  fourth, 
44'5°;  of  the  six  winter  months,  41'5°;  six  summer  months, 
57'1°.  The  maximum  of  ti3°  occurred  on  June  27,  and  the  mini- 
mum of  13°  on  Jan,  1 :  difference  of  these  extremes,  70". 

The  mean  annual  pressure  of  the  atmosphere  is  29"70  incbea; 
highest  point,  30"64  ;  which  occurred  on  Jan.  8  ;  lowest,  2S'45, 
which  was  on  Oct.  17:  difference  of  these  extremes,  2' 19  inches. 
The  mean  daily  movements  of  the  barometrical  ostiillations  mea- 
sure nearly  44  inches.     Total  number  of  changes,  112. 

The  falls  of  rain,  hail,  snow,  and  sleet,  during  the  paat  year, 
have  measured  a  little  more  than  32  inches ;  which  is  something 
under  an  annual  average.  Very  little  rain  fell  during  the  first 
three  months  of  the  year ;  but  the  following  month  (May)  wu 
very  wet,  for  there  were  nearly  six  inches  registered.  Upwards 
of  four  inches  fell  in  October.  Total  number  of  wet  days  for 
thevear,  181. 

The  reporter,  as  usual,  has  again  to  notice  a  prevalency  of  the 
south,  south-west,  and  west  winds.  Out  of  365  notations  of 
the  wind,  214  were  noticed  to  blow  from  the  above  points. 

There  has  been  more  thunder  and  lightning,  during  the  former' 
part  of  the  year,  than  has  been  noticed  in  several  former  oneB„ 
particularly  in  the  month  of  May.  Lightning  occurred  on  six 
days  in  that  month,  which  were  invariably  attended  with  rain; 
sometimes  it  fell  in  torrents,  and  in  three  instances  with  hail. 

My  friend,  Mr.  Edward  Stelfox,  of  Lymn,  near  Warrington^ 
has  favoured  me  with  the  above  account  of  rain,  Mr.  S.'s  rain* 
guage  is  exactly  the  same  aa  mine,  and  1  can  rely  upon  hii 
account  as  correct.  His  annual  register  of  rain,  for  the  yeai 
}819,  was  29-305  inches  ;  for  the  present,  a  little  more  than  30 
inches.  Mr.  Stelfox  noticed  the  temperature  on  Jan.  1,  1820,  to 
be  IS-S" ;  on  the  3d,  at  13°  ;  and  on  the  22d  of  the  same 
month  at  10°. 

The  column  of  rain,  headed  Ardwick,  has  been  furnished  by 
my  friend,  Mr.  .fohn  Dalton.  His  rain  funnel  is  fixed  about  a 
mde  out  of  Manchester,  in  an  easterly  direction,  and  is  situated 
«onie  little  higher  than  mine.  It  has  often  been  remarked,  that 
Mr.  Dalton's  annual  account  invariably  exceeds  mine  sometimes 
by  five  or  six  inches,  as  in  the  present  instance.  Mr.  D.  thinks 
that  his  funnel  being  larger  may  in  part  account  for  the  difference. 

However,  1  fancy,  there  is  an  error  somewhere.  It  is  much 
to  be  desired,  that  one  uniform  plan  could  be  adopted  with 
respect  to  measuring  of  rain.  I  have  furnished  a  gentleman  rf' 
CrutDpsall,  near  Manchester,  with  a  funnel,  and  the  same  means 
of  measuring  the  rain  as  Mr.  Stelfox  uses :  and,  from  his  results,  . 
it  appears,  tnat  our  accounts  pretty  nearly  agree.  | 


Maniheitcr,  Jaa. 
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Mr.  Giddj/'s  MeleorologicalJourual  for  Cornwall.  [Aprii, 

Remarhs. 

Janiiary. — The  weather,  in  general,  fine,  with  sharp  frost;  air 
very  keen.  ,  Some  heavy  showers  of  rain  and  snow.  A  heavy 
gale  of  wind  on  tlie  26th  and  27th. 

February. — The  weather  very  fine  in  general.  Some  showers 
of  anow  and  hail.     A  httle  frost  towards  the  latter  end. 

March, — Weather  very  fine.  Some  frost  in  the  early  part  of 
the  month.     A  few  showers  of  hail,  snow,  and  rain. 

April. — The  weather  very  fine  and  pleasant  throughout,  with 
the  exception  of  three  or  four  days  in  the  eaily  part  of  the  moath, 
which  were  showery. 

May. — ^The  weather  during  the  greater  part  of  this  month  was 
wet  and  unpleasant.     Some  hail  showers  towards  the  end. 

June. — The  weather,  in  general,  very  fine  ;  25th,  26th,  and 
27th,  uncommonly  hot  ahd  sultry. 

July. — Weather,  in  general,  very  fine.  Some  very  heavy 
showers  of  rain  on  the  12th  and  17th.  Thunder  and  lightning 
on  thellth. 

Avgiist. — This  month,  in  general,  showery ;  but,  on  the  whole, 
good  Harvest  weather:  crops  abundant.  Thunder  and  hght- 
ning  on  the  30th. 

September. — The  weather  in  the  early  part  of  this  month  veij 
fine.  During  the  solar  eclipse  on  the  7th,  the  thermometer  is 
the  shade  varied  between  2°  and  3°,  On  the  18th,  the  weathw 
became  rainy,  cold,  and  boisterous,  and  continued  so  to  the  eni 
of  the  month. 

October. — This  month  exceedingly  fine  till  the  14th,  when  the 
weather  suddenly  changed,  and  became  very  stormy,  with  heavy 
rain,  which  continued  to  the  end. 

Novemlier. — The  weather  during  the  greater  part  of  this  month 
was  gloomy  and  damp.     Some  heavy  hail  showers  on  the  16tli. 

December. — This  month  was,  in  general,  gloomy  and  damp  u 
the  preceding.  On  the  1 4th,  hail ;  on  the  26th  and  the  29tii, 
snow.  On  the  13th,  25th,  26th,  28th,  29th,  30th,  and  3l8t(» 
most  unusual  length  of  time  for  this  place)  frost.  The  air 
exceedingly  keen.  E.  C.  G. 
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Akticle  XII. 
The  New  Comet.     By  William  Bumey,  LL.D. 

(To  the  Editor  of  the  Aniiah  of  Philosophy.) 

SIH,  ObirrvMrs,  Goiport,  Feb.  94,  IMI, 

A  COMET  made  its  appearance  here  last  evening  at  35  minutes 
«t  sue  o'clock,  two  or  thiee  Ae^iaes  li  v^e  -ciorth.  of    * ' 
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che  last  star  m  the  wing  of  Pegasus.  It  was  32**  to  the  east  of 
the  sun,  and  set  with  Saturn  at  a  quarter  past  eight  o'clock, 
si.bout  W.N.W.  but  was  18^  to  the  north  of  that  planet. 

Its  bright  nucleus  was  surrounded  by  a  diffused  coma  thr^e- 
Fourths  of  a  degree  in  diameter^  and  its  perpendiculat  train  was 
nearly  4**  in  length  when  the  coruscations  were  most  vivid,  through 
khe  upper  part  of  which  a  small  star  of  the  sixth  magnitude  was 
perceived  by  the  help  of  a  telescope.  This  is  unquestionably  the 
Bame  comet  that  M.  NichoUet,  of  Paris,  is  said  to  have  disco- 
vered in  the  evening  of  the  21st  ultimo,  in  the  constellation 
Pegasus,  but  which,  to  our  knowledge,  has  not  yet  been  seen  by 
the  English  astronomers. 

March  2, 1821, 

The  new  comet  has  changed  ife  position  among  the  fixed 
stars  about  two-thirds  of  a  degree,  since  the  evening  of  the  23d 
ultimo,  when  first  we  saw  it ;  therefore,  its  apparent  motion  is 
very  slow. 

Its  north  polar  distance  last  evening  was  ....     77°  40^ 

Right  ascension 368    35 

North  declination 12     20 

It  is  descending  with  an  antecedential  motion  towards  the 
back  of  the  southern  fish  of  Pisces,  and  by  the  annual  motion  of 
the  earth,  the  sun  is  daily  approaching  it. 

It  will  come  to  its  perihelion  two  or  three  days  before  the 
vernal  equinox  ;  but  previous  to  that  time,  probably,  it  will  be 
lost  to  our  view  in  the  solkr  rays  in  the  evenings.  It  sets  soon 
after  eight  o'clojck,  p.m.  about  W.N.W. 

Its  train  last  evening,. at  one  time,  was  between  6°  and  G^ 
long,  and  will  continue  to  increase  in  length  and  splendour  till 
the  comet  comes  to  its  nearest  point  to  tne  sun ;  for  then  the 
heat  communicated  to  it  is  increased  by  his  proximity.    , 

Neither  the  nucleus  nor  train  is  so  splendid  as  the  comets  that 
appeared  here  in  1811  and  1819;  it  more  resembles  the  comet 
in  1807,  except  the  colour  of  the  body,  the  present  one  being 
more  brilliant. 

March  IT,  1821. 

The  new  comet  came  to  its  periheUon  to-day;  namely,  within  14^ 
of  the  sun.  It  has  only  lessened  its  right  ascension  half  a  degree^ 
and  its  north  declination  four-fifths  of  a  degree  since  the  even- 
ing of  the  24th  of  February  last,  when  it  was  first  seen  here  ; 
but  by  the  annual  motion  of  the  earth,  its  distance  from  the  sun 
is  decreased  about  16°.  Now  it  is  advanced  too  far  in  the  solar 
rays  to  allow  us  to  make  further  observations  on  its  position  in 
the  evenings.  At  the  close  of  this  month,  it  will  begin  to  set 
after  the  sun  ;  and  with  a  clear  horizon  an  hour  before  sunrise, 
there  will  be  a  chance  of  seeing  it  rise  about  E.N.E.  during  the 
ensuing  nionth. 

The  ireather  lately  has  been  unfayouT«b\e  tex  %^evDk^V5a&  ^q'bdsN. 


On  OH  and  Coal  Gas.  [Apeii,  I 

so  near  the  western  horizon  in  the  evenings  ;  and  from  its  veiy  I 
slow  geocentric  motion,  it  will  not  afford  a  sufficient  space  Ut  I 
attempt  to  deduce  the  form  of  its  orbit,  which  is  the  chief  object  I 
to  science.  I 

It  is  hoped  that  correct  observations  on  the  frequent  appea^  I 
ances  and  motions  of  those  celestial  visitors  will,  in  the  courat  I 
of  time,  throw  new  light  on  the  theory  of  comets,  and  divest  it  I 
of  much  of  the  uncertainty  that  seems  to  exist  in  regard  to  the  I 
fomiof  their  eccentric  orbits  and  periodic  returns. 

I  am.  Sir,  your  obedient  servant, 

William  Burnet, 


k 


Article  XIII. 
On  Oil  and  Coal  Gas. 
(To  the  Editor  of  the  Annak  of  Philoiopky.) 
.R  SIR, 

On  perusing  Mr.  Ricardo's  paper  in  your  last  number  "Ot 
the  Comparative  Advantages  of  illuminating  by  Gas  producei 
from  Oil  and  from  Coal,"  I  felt  a  little  surprised  that  he  had  not 
obtained  more  correct  infoimation  respecting  the  value  of^poil 

fas ;  for  he  states  that  the  selling  price  of  cual  gas  is  not  le8% 
ut  "  in  some  of  the  provincial  towns  and  cities  more  than  Ijtr 
per  lOOO  feet."  in  speating  of  the  profits  of  Gas  Companiei^ 
he  says,  "  The  highest  return  quoted,  which  is  of  the  Briabi' 
Gas  Company,  is  10  per  cent,  and  the  chartered  Company  i^' 
London,  wfiicli  possesses  advantages  superior  to  ani/,  only  dividv. 
flight  per  cent."  Not  knowing  the  price  of  gas  at  the  charteiejt 
Company,  1  assume  that  it  is  15s.  per  1000  feet  to  the  consumo^ 
The  Sheffield  Gas  Light  Company  retail  their  gas  at  12j.  p^ 
1000  feet,  and  allow  a  di:icount  of  from  5  to  20  per  cent.  in^OB 
portion  to  the  rental.  AH  consumers  of  gas  whose  rental  is  20iL. 
per  annum,  or  upwards,  are  allowed  a  discount  of  20  per  cecA*' 
When  the  discount  is  allowed,  I  beheve  the  average  to  the  whok 
town  is  at  about  10s.  Qd.  per  1000  feet,  and  yet  the  Sheffield 
Gas  Light  Company  has  divided  a  profit  of  10  per  cent,  the  fiiat 
year.  This  certainly  proves  that  the  Sheffield  Gas  Light  CoQh 
mittee  are  either  better  managers  of  the  trust  confided  in  the% 
or  that  the  chartered  Company  does  not  possess  advantages, 
superior  to  any  other  Gas  Company.  But  what  will  Mr.  R.  KKf 
to  the  Derby  Gas  Company  when  I  inform  him  that  they  char^ 
only  7s.  Gd.  per  1000  feet  to  the  consumer ;  but  as  their  con- 
cern is  only  m  its  infancy,  I  cannot  state  their  profits.  If  WB 
aUow  t6*t  one  foot  of  oil  gaa  ia  e^u.'oi  Vw  '^^mn\»iais^  Y^viec  td 
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bree  and  a  half  feet  of  coed  gas,  the  comparison  between  the 
>erby  prices  and  Mr.  R.'s  statement  of  oil  gas  will  stand  thus : 

£    s,    d, 

1000  feet  of  oil  gas  cost 1     7     0 

3600  feet  of  coal  gas  is  sold  at  Derby  for.  • .     1     6    3 

0.   0    9 

having  a  balance  ofdd.  in  favour  of  coal  gas  besides  the  profit, 
pfhich  the  Company  calculate  at  10  per  cent.  The  comparison 
between  oil  and  coal  gas  by  experimentalists  in  general  is  given 
as  1  to  3 :  allowing  this  to  be  nearly  the  truth,  we  shall  have 
tiie  following  statement : 

Mr.  Ricarao  says  that  a  fair  average  for 

je   s.    d. 
1000  feet  of  oil  gas,  allowing  for  wear,  tear, 

and  every  contingence,  is  ..«.,.« .     1  •  10    0 
3000  feet  of  coal  gas  sells  in  Sheffield  for.  .1116 

Now  if  we  allow  that  oil  gas  can  be  manufactured  at  30s.  per 
1000  feet,  selling  it  at  the  same  price  as  coal  gas,  in  proportion 
to  its  illuminating  power,  it  would  only  leave  6/.  per  cent,  sup- 
posing that  there  snould  be  no  losses.  Mr.  R.  further  remarks, 
diat  **  the  only  possible  inconvenience  that  can  result  from  the 
use  of  oil  gas  is  an  accidental  smell  from  the  cock  being  acci- 
dentally left  open,  which  is  instantly  detected,  and  as  instantly 
remedied  without  leaving  so  unpleasant  a  smell  as  that  arising 
fiom  the  similar  escape  of  coal  gas.^'  I  think  that  there  is  very 
little  difference  between  the  smell  of  oil  and  coal  gas  as  to  plea- 
santness ;  but  allowing  that  the  smell  of  coal  gas  is  more  unplea- 
sant than  that  of  oil  gas  when  an  escape  takes  place,  that  should 
not  be  urged  as  a  reason  why  oil  gas  snould  have  the  preference ; 
for  as  both  gases,  when  mixed  with  a  certain  proportion  of 
atmospherical  air  will  explode  when  a  light  is  introduced,  it  is 
my  opinion,  that  the  gas  most  proper  to  be  introduced  in  dwell- 
ing-houses, warehouses,  8cc.  is  that  which  can  be  most  easily 
detected  when  an  escape  dbe«take  place. 

If  these  remarks  merit  a  place  in  your  journal,  your  inserting 
them  will  oblige  A  Subscriber. 


Article  XIV* 


Uesearches  on  the  (Composition  of  the  Prussiates,  or  ferrvginoUs 

Hydrocyanates.     By  J.  Berzelius. 

I  PRocBEB  to  detail  the  experiments  I  have  made  with  the 
de»CT  of  obtaining  light  on  these  snbjecU,  Ka^V)cL^VfiS«i«Gk5»^ 
wbiok  I  think  mmy  be  deduced  flrom  them. 


i 


Prof.  Berzeliuson  [Apbii,] 

on  the  Relation  of  the  Iron  to  the  other  Basesinthi 
fe rruglnoits  Hydro cyanates. 

(A.)  Salt  with  Base  of  Potash. 
The  salt  was  purified  in  the  following  maimer :  Crystals  that 
had  effloresced  were  heated  in  close  vessels  until  the  mass 
entered  into  fusion.  This  was  then  dissolved  in  water,  and 
twice  crystallized.  The  solution  was  not  rendered  turbid  by 
hydrocyanate  of  bary  tes,  and  the  salt  had  a  light,  but  pure  lemoft- 
yellow  colour.  It  was  pulverized,  and  left  exposed  to  the  air 
for  two  days  without  losing  any  weight.  Exposed  afterwardi 
to  the  temperature  of  140°  Fahr,  it  effloresced,  and  lost  between 
0'129  and  0-124  of  its  weight;  these  numbers  are  the  two 
extremes  of  seven  experiments.  It  lost  nothing  further,  at  a 
temperature  higher  than  that  of  boiling  water. 

I  mixed  30-88  grs.  of  the  salt  thus  dried,  with  sulphuric  acid 
in  a  platina  crucible  ;  the  mass  heated,  but  without  any  efferves- 
cence, and  no  smell  of  hydrocyanic  acid  was  perceptible. 
Heated  on  the  sand  bath,  it  sustained  no  change,  and  it  was  noL 
until  it  had  been  exposed  to  the  flame  of  a  spirit-lamp,  that  it 
began  to  be  decomposed.  A  quantity  of  gas  wag  then  diseaT 
gaged,  which  had  not  only  the  smell  of  sulphurous  acid,  but  alu) 
that  of  the  hydrocyanic.  Theheatwas  continued  until  the  excessof 
sulphuric  acid  was  driven  off,  and  water  was  poured  on  the  wam, 
when  cold.  The  sulphate  of  iron  dissolved  slowly ;  it  was 
necessary  to  add  water,  slightly  acidulated  with  muriatic  aci^ 
to  obtain  a  complete  solution. 

The  clear  liquor  was  precipitated  by  caustic  ammonia  addetl 
in  excess.  The  oxide  of  iron  was  thrown  on  a  filter,  and  washoll 
with  a  lai^e  quantity  of  water.  The  salt  remaining  in  the  sol^ 
tiun  and  washings  was  evaporated  to  dryness,  and  neaped  red  3) 
u  platina  crucible.  It  is  hardly  possible  to  prevent  a  portion  tf 
the  ammonia  from  being  volatilized  at  the  commencement  of  this 
operation,  and  consequently  an  acidulous  sulphate  of  potash 
remains,  which  it  is  difficult  to  deprive  entirely  of  its  excess  oif 
acid.  To  get  rid  of  this  excess,  I  introduce  a  small  piece  iX 
carbonate  ofanimonia,  by  a  platina  spoon,  into  the  crucible,  whita 
the  mass  is  still  red  hot.  1  then  put  on  the  cover  to  check  tha 
escape  of  the  ammoniacal  gas.  The  sulphuric  acid  almost 
instantly  evaporates  in  the  alkaline  atmosphere,  and  tlie  salt 
becomes  neutral.  In  this  manner  I  obtained  in  three  separate 
experiments  29'11,29'17,  29-49  grs.  of  sulphate  of  potash,  eqni- 
■valent  to  51*09  hundredth  of  the  weight  of  the  anhydrous  ferru- 
ginous pruBsiate.  The  oxide  of  iron  weired,  in  the  different 
experiments,  between  6-17  and6*64  grs.  I>r.  Thomson's  asser- 
tion, that  a  portion  of  the  iron  ia  volatilized  with  the  hydrocyanic 
acid,  induced  me  to  try  another  method  of  separating  it  from 
this  metai.  I  dissolved  tte  feiroriTioua  i^masiate  of  potash  ia 
water,  added  hydrate  of  deuloxiae  ol  tcftTuarj  ^-i  ■Coa  40«.\Mi&n 
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and  digested  them  together,  till  all  the  iron  was  precipitated  in 
the  state  of  red  oxide.  The  excess  of  oxide  of  mercury  was  then 
separated  by  strong  calcination :  30*88  grs.  of  the  jprussiate  in 
question  gave,  in  this  manner,  6*42  grs.  of  oxide  of  iron.  The 
mean  result  of  these  analytical  experiments  is,  therefore^  aa 
follows : 

Oxygen. 

Potash 44*62  contains  7*68  ....  2 

Protoxide  of  iron 16*64 3*79  . . .  •  V 

Water 12-70 11*30  ....  3 

Loss 26-04 

ioo^o 

It  follows  from  this,  that  the  potash  contains  twice,  and  the 
water  three  times  as  much  oxygen  as  the  iron,  in  the  state  of 
protoxide.  The  loss  is  nearly  equal  to  the  weight  of  four  atoms 
of  hydrocyanic  acid ;  but  the  supposition  that  the  salt  should 
contain  this  number  of  atoms  is  the  less  probable,  because  in 
that  case,  the  weakest  base,  the  protoxide  of  iron,  must  contain, 
relatively  to  its  ordinary  capacity  of  saturation,  twice  as  much 
acid  as  the  potash,  the  stronger  base. 

(B.)  Salt  with  Base  ofBarytes. 
This  salt  was  obtained  by  digesting  prussian  blue  with  hydrate 
of  barytes  and  water.  The  undissolved  portion  was  treated  with 
boiling  water  as  long  as  it  dissolved  any  thing,  and  the  solutions 
were  evaporated  to  a  very  small  quantity.  During  the  evapora- 
tion, the  barytic  salt  crystallized  irregularly,  and  it  was  neces* 
sary  to  redissolve  it  in  boiUng  water,  from  which  it  separated  on 
cooling,  in  the  form  of  small  yellowish  crystals.  It  suffered  no 
change  at  common  temperatures,  but  at  104^  Fahr.  it  began  to 
effloresce.  The  crystals  do  not  fall  to  powder,  but  only  lose 
their  transparency,  and  assume  a  milky  appearance:  30*88  grs. 
of  this  salt  lost,  m  this  manner,  in  different  experiments,  from 
6*09  to  5*12  grs.  of  water.  I  placed  the  remaining  26-76  on  a 
small  porcelam  capsule,  which  I  heated  red  by  the  flame  of  a 
spirit-lamp  with  a  double  current  (et  d  double  cour ant) ^  and  con- 
tmued  the  heat  till  all  the  combustible  matter  was  burnt  away : 
the  residuum  was  a  mixture  of  barytes  and  red  oxide  of  iron,  weigh- 
ing 24*63  gi's.  Dissolved  in  munatic  acid,  and  then  precipitated 
by  sulphuric  acid,  it  gave  24*13  grs.  of  sulphate  of  barytes. 
After  this  was  separated,  I  added  ammonia  m  excess  to  the 
liquid^  which  threw  down  4*09  grs.  of  red  oxide  of  iron.  Accord*' 
ing  to  this  experiment^  the  barytic  salt  contains : 

Oxygen. 

Barytes. 61*273  containing     6-38  ....  2 

Protoxide  of  iron.  •  11-866 2-70  ....  1 

Water 16*660 1472  ....  64 

Loss 20*302 

100-OQO 


f 


Prof.  Berxeiius  on  [APBlt, 

We  find,  therefore,  the  same  relation  between  the  protoxide 
of  iron  and  the  barytes,  as  in  the  salt  with  base  of  potash ;  on 
the  other  hand,  the  relation  of  the  water  to  the  bases  exhibits, in 
this  instance  a  remarkable  exception  to  the  ordinary  rule,  as 
exception  that  might  very  well  be  attributed  to  inaccuracy  cf 
observation,  if  the  loss  which  this  salt  experiences  by  efflores- 
cence were  not  so  uniform  and  ao  easy  to  be  correctly  deter- 
mined. When  we  compare  the  relation  of  the  capacity  of 
saturation  of  the  bases,  to  the  quantity  of  the  substance  lost  in 
the  analysis,  with  that  observed  in  the  salt  with  base  of  potash, 
we  find,  in  the  salt  with  base  of  barytes  that  the  losa  exceeds 
that  in  the  salt  with  base  of  potash  by  a  quantity  precisely  equal 
to  that  which  the  water  wants  {^iie  I'eatt  a  donne  en  moim)  to 
make  its  oxygen  twice*  that  of  the  barytes,  and  six  times  that 
of  the  protoxide  of  iron.  We  shall  soon  see  that  this  water  n 
fonnd  again,  when  this  salt  is  burned  by  means  of  oxide  of 
copper. 

(C.)  Sali  with  Base  of  Lime. 


This  salt  was  prepared  nearly  in  the  same  manner  as  ibij[ 
barytic  salt.  It  is  very  soluble  in  water,  and  does  not  crystAHiil^ 
till  the  solution  has  acquired  a  syrupy  consistence,  and  afte» 
some  days  rest.  The  crystals  are  usually  large,  and  of  apak) 
yeUow  colour.  ' 

One  hundred  parts  of  this  salt,  exposed  to  the  heat  of  a  saiid*^ 
bath,  lose  36' 6 1  per  cent,  of  their  weight  of  water  of  crysiaUin«j 
tion.    The  cryettilB,  notwithstanding  this  large  quantity  of  watoj 
do  not  fall  to  powder,  and  1  have  observed  that  although  tllil 
Mlt  begins  to  effloresce  as  readily  as  the  preceding,  a  aigh^ 
temperature  is  requisite  to  deprive  it  of  the  last  portions  tf 
water.   The  anhydrous  salt,  burnt  like  the  preceding  in  an  opet> 
Teasel,  gave  50-53  per  cent,  of  its  weiglit  of  a  mixture  of  oxidti' 
of  iron,  caustic  lime,  and  carbonate  of  lime.     It  was  dissolved  1 
in  muriatic  acid,  perfectly  neutralized  by  caustic  ammonia,  aai,  I 
precipitated  by  succinate  of  ammonia.     The  succinate  of  in^/ 1 
burned  on  an  open  capsule  of  porcelain,  left  15-25  parts  of  oxide?  I 
of  iron.     The  solution,  from  which  the  iron  had  been  aeparatedL 
gave,  by  precipitation  by  oxalate  of  ammonia,  oxalate  of  UaM| 
which,  bemg  decomposed  by  heat,  left  39-21  parts  of  carbonal| 
of  lime.     This  carbonate,  moistened  with  a  solution  of  carbon- 
ate of  ammonia,  and  then  thoroughly  dried,  gained  nothing 
weight.    The  analysis,  therefore,  gave 

OljgeD. 

Lime 22*45  containing     6-20  ....  2 

Proxide  ofiron.  ..  13-69 3-12  1 

Water 39-61  35-21  ....  IH 

Loss 23-85 


IBStl .]  the  Conqrosilioh  of  Prusstaies.  805 

We  find  again  here,  as  in  the  barytic  salt,  that  half  a  propor- 
tion of  water  is  wanting,  that  is  to  say,  that  the  salt  retains  oxie 
stem  of  water;  and  by  comparing  the  loss  from  the  substances 
destroyed  by  heat,  with  the  capacity  of  saturation  of  the  bases,, 
w^  also  find  in  this  case  a  surplus  corresponding  to  the  quan* 
tity  of  water  that  has  disappeared. 

(D.)  Salt  with  Base  of  Oxide  of  Lead. 

Neutral  nitrate  of  lead  was  poured  into  a  solution  of  fermginoutf 
frussiate  of  potash,  taking  care  that  the  latter  should  be  in 
excess,  in  order  to  prevent  the  precipitation  of  nitrate  of  lead^ 
which  mixes  with  all  the  insoluble  ssdts  with  base  of  oxide  ot 
lead,  if  theie  be  an  excess  of  nitrate  of  lead  in  the  Uquid  from 
which  they  are  deposited.  The  liquid  remained  perfectly  neu^ 
tral.  The  precipitate  was  white,  but  viiBwed  in  a  certain  direc-» 
tion  towards  the  light,  it  appeared  vergiBg  to  yellow.  I  wag 
uiiaUe  to  determine,  with  the  precision  I  could  have  wished,  the 
quantity  of  water  contained  in  this  salt,  because  its  point  of 
perfect  dryness  approaches  too  near  to  that  at  which  it  begins- 
to  effloresce.  However,  the  results  I  obtained  led  me  i^ 
believe  that  in  this  salt,  just  as  in  the  salt  with  base  of  potash^ 
the  water  contains  the  same  quantity  of  oxygen  as  the  two  bases 
li^ether. 

One  hundred  parts  of  the  salt,  dried  on  a  very  hot  sand-bathy 
were  burned  in  an  open  porcelain  capsule ;  the  mass  was  dis*- 
solred  in  nitric  acid,  neutralized  with  ammonia,  and  predpitated 
by  sulphate  of  ammonia.  The  sulphate  of  lead,  washed,  and 
calcined  at  a  red  heat,  weighed  96*5  parts*  The  filtered  liquid 
was  precipitated  by  caustic  ammonia,  and  gave  12*6  parts  of 
oxide  of  iron.    Thus  the  analysis  gave : 

Oiygen. 

Oxide  of  lead 70*0  containing  6-09   .  • . .  2 

Protoxide  of  iron 11*9 2*67   ....  I 

Loss 17-7 

We  find,  therefore,  also  in  this  case,  the  same  relation  betweea 
Hkt  oxide  of  iron  and  that  of  lead,  as  well  as  between  the  bases 
and  the  substance  destroyed  by  combustion,  as  in  the  ferrugi- 
tious  prussiate  of  potash. 

I  think  these  analyses^  selected  from  the  three  classes  of  bases^ 
^ill  suffice  to  prove  that  whatever  be  the  state  of  the  iron  io. 
these  salts,  it  takes,  in  the  state  of  protoxide,  half  as  much  oxygm 
as  the  radical  of  the  other  base. 

II.  Experiments  on  the  Acid  of  these  Salts. 

The  proofs  on  which  Mr.  Porrett  has  founded  his  o^inion^ 
idiat  die  iron  in  the  ferruginous  hydrocyanic  ajCidi^mXk^TSi^VA^^ 
ATeuf  Series,  vq-l.  i.  u  » 
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lie  BtBte,  and  that  it  is  a  constituent  part  of  this  acid,  aie  not 
decisive. 

To  verify  this  idea  by  direct  experiment,  I  put  23-16  grs,  of 
effloresced  ferruginous  prussiate  of  potash  into  a  Email  appa- 
ratus, made  by  the  lamp,  and  so  disposed  that  a  current  o[ 
sulphuretted  hydrogen  gas  might  be  passed  over  the  salt. 
At  the  common  temperatures  it  was  not  at  all  altered.  I  thea 
iieated  it  by  a  spirit-lamp,  slowly  increasing  the  temperature 
Tmtil  the  mass  fused.  Ihe  sulphuretted  hydrogen  gas  wa» 
passed  over  it  until  the  mass  became  cold.  I  had  supposed  that 
the  sulphuretted  hydrogen  would  decompose  the  protoxide  of 
iron,  producing  hydrocyanic  acid,  water,  and  sulphuret  of  iron; 
but  no  trace  of  water  appeared.  The  sulphuretted  hydrogen, 
both  at  entering  into,  mnd  leaving  the  apparatus,  was  passed 
over  fused  muriate  of  lime,  in  order  that  the  water,  that  might  be 
formed  during  the  operation,  might  be  correctly  weighed.  At 
the  end  of  the  experiment,  the  prussiate  had  gained  il*6  per 
cent,  in  weight,  and  the  muriate  of  lime  21  hundredths  of  the 
"weight  of  the  prussiate.  But  on  heating  the  muriate  of  lime, to 
see  if  what  it  had  absorbed  was  water,  it  gave  off  only  hydro* 
■ulphuret  of  ammonia,  and  pure  ammonia,  with  traces  of  mois- 
ture. No  disoxidation  of  the  protoxide  of  iron,  therefore,  had 
taken  place,  and  the  experiment  appeared  to  confirm  Mt 
Porretts  idea.  A  great  part  of  the  salt  had  been  converted 
into  sulphuretted  hydrocyanate  of  potash ;  a  small  portion 
jemained  undecomposed,  and  some  sulphuret  of  iron 
formed. 

I  next  endeavoured  to  decompose  the  anhydrous  prussiate  1m 
distiUing  it  with  fused  boracic  acid,  to  ascertain  if,  during  tin 
operation,  borate  of  iron  would  be  ibrmed ;  bat  the  mass  swellel 
up  greatly  during  the  process,  and  passed  out  of  the  retort, 
thatits  neck  was  soon  stopped  up  by  it.  The  disengaged  gasv.w 
cyanogen,  mixed  with  a  little  hydrocyanic  acid.  After  uie  cal- 
cined mixture  had  been  dissolved  in  water,  a  brownish  masf 
lemained,  insoluble  in  muriatic  acid,  which,  exposed  to  heat. 

fave  borate  of  iron  ;  whence  it  appeared  that  the  boracic  acio 
ad  been  in  part  decomposed. 

Thus  the  nonoxidateci  state  of  the  iron  seemed  proved  by  thetfl 
experiments.  When  1  calculated  the  above-mentioned  analyse^ 
the  result  appeared  to  coincide  with  the  following  compositioa: 
one  atom  of  metallic  iron,  two  atoms  of  the  oxide  of  the  other 
bases,  two  atoms  of  cyanogen,  and  three  atoms  of  prussic  aci(^ 
It  thus  remained  to  determuie  by  combustion,  if  that  be  the  tn» 
state  of  the  matter. 

In  consequence,  I  burned,  in  a  glass  tube  surrounded  by  ano- 
ther of  tin-plate,  a  mixture  of  7'72  grs.  of  anhydrous  ferrugi- 
nous  prussiate  of  potash,  and  231-66  grs.  of  pure  oxide  of  copper, 
prejrared  by  the  decomposition  of  nitrate  of  copper  by  ne^ 
Tie  nujcture  was  made  in  a  ^oTpV'jT^  miilw,  heated  to  aboit 


1821.]  the  Composition  of  Primiates.  SBT 

212°  Falir.  The  gases  were  collected  over  mercory,  and  passed 
through  tubesofvery  small  diameters  to  prevent  too  great  a  mil— 
ture  of  atmospheric  air.  A  portion  of  the  gas  obtained  towards 
the  end  of  the  operation  was  collected  separately  in  a  graduated 
glass  tube. 

No  moisture  condensed  in  the  tubes,  in  which,  for  greater  cct*- 
tainty,  a  portion  of  fused  muriate  of  lime  was  placed,  and 
weighed  with  the  tubes.  They  gained  only  0001  in  wei^t. 
The  gas  collected  in  the  graduated  tube  was  examined  in  the 
following  manner  :  a  small  piece  of  caustic  potash  attached  to  a 
Tery  thin  flexible  iron  wire  was  introduced  into  the  tube ;  100 
parts  of  the  gas  left  39'9  parts  not  absorbed ;  so  that  the  volume 
of  carbonic  acid  gas  was  to  that  of  the  azote  as  3  :  2.  This 
result  was  very  different  from  what  I  had  expected.  As  no  water 
was  formed  in  the  operation,  it  followed,  that  the  salt  contained 
n  hydrocyanic  acid.  Mr.  Porrett  had  found  that  the  volume  ot 
carbonic  acid  gas  was  four  times  greater  than  that  of  the  azote, 
and  Dr.  Thomson  obtained  them  in  the  ratio  of  2^  to  1.  The 
whole  of  the  carbonic  acid  obtained  in  this  experiment,  absotbed 
by  a  determinate  quantity  of  potash,  weighed  4']  38  grs. 

1  repeated  the  experiment  once  more,  but  with  a  strcmger 
heat,  BO  as  to  soften  the  glass  tube ;  I  obtained  the  same  resnl^ 
but  the  relation  of  volume  of  the  carbonic  acid  gas  to  that  of  the 
9zote  then  exceeded  the  ratio  of  one  and  a  half:  however,  tbe 
difference  was  so  trifling  that  it  might  very  well  be  only  an  enor 
of  observation. 

Water  digested  on  the  residuum  in  the  lube  that  had 
been  exposed  to  heat,  took  up  potash,  and  this  solutioQ  gavean 
abundant  precipitate  with  lime-water ;  the  precipitate  was  car- 
bonate of  lime.  To  prove  if  the  difference  between  my  result 
and  that  of  Mr.  Porrett  could  be  caused  by  a  bad  arrangement  of" 
my  apparatus,  1  repeated  the  analysis  of  thecyanuret  ofmerctny 
in  the  same  manner;  I  obtained  from  it  precisely  two  volumes  of 
carbonic  acid  gas  for  one  volume  of  azote  ;  and  on  decompoBing 
another  portion  of  cyanuret  of  mercury  by  sulphuretted  hydrogen 
gas,  in  a  weighed  glass  bulb,  I  obtained  sulphuret  of  mercury, 
whose  weight  was  to  that  of  the  cyanuret  of  mercmy,  precis^y 
as  the  weight  of  an  atom  of  cinnabar,  is  to  the  weight  of  an  atom 
of  cyanuret  of  mercury. 

This  accordance  with  the  results  obtained  by  M.Gay-Lusssic^ 
satisfied  me  that  the  difference  between  my  results,  and  those  of 
Messrs.  Porrett  and  Thomson  cannot  be  attributed  to  ray  appa- 
ratus being  less  suited  to  the  puqjose, 

I  next  repeated  the  same  analysis  with  the  ferruginona  pros- 
siate  of  barytes,  previously  dried  at  a  strong  heat.  It  gave 
traces  of  moisture  in  the  tube  which  conducted  the  gases  into 
flie  receiver,  although  its  quantity  was  not  great  i  15-444  gre.  cf 
Ihe  salt  employed  gave  0-026  of  a  grain  of  water,  ^k<^%^  \%«fc 
quantify  wanting,  in  tbe  analysis  mentioned  ahofe,  to i  '  ■'^" 
u  2 
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oxygen  of  the  water  of  crysLallization  amount  to  sis  timeB  that 
of  the  protoxide  oi'  iron,  presupposed  in  the  salt,  instead  at 
five  times  and  a  half.  The  yotume  of  the  carbonic  acid  ga^ 
ebtaiaed  in  this  experiment  was  again  to  that  of  the  azote,  m 
3  ;  2,  and  the  whole  of  the  carbonic  acid  obtained  weighed  frM 
grains. 

No  conclusion  can  be  drawn  from  these  experiments  befoM 
the  quantity  of  carbonic  acid  E-etained  by  the  base  is  determinedr 
If  the  azote  and  the  carbon  in  these  saits  be  in  the  same  propoBi 
tion  as  in  cyanogen,  one-third  of  the  quantity  obtained,  or  onB> 
fourth  of  the  whole  of  the  carbonic  i:cid,  is  wanting.  But  if,  ob 
the  contrary,  the  base  remaining  in  the  calcined  mass  be  in  \ka 
state  of  coDQmon  carbonate,  the  vohnne  of  carbonic  acid  is  to 


^at  of  the  azote  as  2^  :  1. 


^^Kl>  Cheniicm 


(Tu  bi  a 


Analyses  of  Books. 


Chemical  a/id  Medical  Report  of  the  Properties  of  the  MiM* 
Tol  Waters  of'  Burton,  Mat  lock ,  Tuiibridge  Wells,  HarrogaUi 
Bath,  Cheltenliam,  Leamington,  Malvern,  and  the  Jsle  of  WtghH 
By  Charles  Scudnmore,  MD.  Member  of  the  Royal  College 
of  Physicians,  &c.  &c. 

In  rioticiog  this  work,  I  shall,  of  course,  confine  ray  obeemif 
tious  U>-  the  Chemical  part  of  it,  and  I  shall  admit  as  proved 
without  malting  any  inquiry,  or  expressing  any  doubt,  that  UmJI 
medicinal  quahties  render  these  waters  worthy  of  being  draidti' 
mid  there  then  can  be  no  hesitation  as  to  the  importance  <£-9 
perfect  knowledge  of  their  chemical  constitution,  whetbet  ^ 
may  or  may  not  enable  us  to  account  for  the  beneficial  efieetf 
which  every  day's  experience  would  lead  us  to  believe  that  tb|y 
piaduce.  i 

The  analysis  of  the  Buxton  water  appears  to  call  for  a  fell 
observations.  I  think  the  method  employed  to  deternWi 
the  presence  of  magnesia  ambiguoua,  and  the  means  used  tti 
ascertain  the  quantity  of  magnesian  salt  rather  tedious.  Tki 
plan  adopted  by  Dr.  Scudamore  for  ascertaining  the  presence  4 
magnesia  was  that  proposed  by  Dr.  Woliaston,  of  first  add«^ 
carbonate  of  ammonia,  and  then  phosphate  of  soda  to  the  wt '  ' 
Now  I  have  found  that  the  sait  usually  called  carbonate  of 
sionia,  and  which  is,  in  fact,  a  sesquicarbonate,  always  boltk 
soifie  carbonate  of  hme  in  solution  ;  and  this  is  particularly  liki '' 
tooccor  wiieg  eatboMte  ai  fatia  ftimaa  Sn. '& ^oa&aial  wtg. 

^ -. —yv^a^  -----  - — ' 
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iihat  the  addition  of  phosphate  of  soda  may  throw  down  pbos* 
"riiate  of  lime,  ^s  well  as  the  phosphate  of  ammonia  smd  ma^nesitr 
Whether  any  difficulty  OGCurred  to  Dr.  Scudamore  on  this  iwB* 
count  in  determining  the  quantity  of  magnesia,  he  does  not 
mention,  but  I  think  it  probable ;  for  the  method  by  which  he 
'determined  the  quantity  of  magnesia  was  that  of  decomposing 
the  muriate  obtained  from  the  alcoholic  solution,  by  means  ^ 
carbonate  of  soda,  then  adding  sulphuric  acid  to  the  carbonate 
of  magnesia,  suffering  the  sulphate  of  magnesia  to  crystaUize  b* 
«k)w  evaporation,  and  again  decomposing  the  sulphate  by  car* 
%onate  of  soda,  and  decomposing  the  carbonate  of  magnesia  by 
heat,  and  then  calculating  the  quantity  of  muriate  of  magnesia 
which  it  would  yield. 

From  some  late  experiments  I  am  induced  to  believ<? 
that  lime  water  is  not  only  the  best  test  (with  certain  precau- 
tions), but  also  the  most  eligible  substance  for  obtaining  the, 
magnesia  from  a  mineral  water.  .  '[ 

Supposing  no  alkaline  carbonate  nor  any  alumina  to  exist  w 
a  water,  and  tliat  the  oxide  of  iron  has  been  separated,  lim^ 
water  will  discover  an  extremely  minute  portion  of  magnesia, 
when  the  saline  contents  of  the  water  have  been  obtained 
by  evaporation  and  redissolved  in  distilled  water  :  Thus,  I  finij 
mat  the  twelfth  part  of  a  grain  of  magnesia,  and  even  a  raixa^ 
smaller  quantity,  may  be  readily  shown  to  exist  in  a  piiit  of 
water,  and  is  easily  precipitated  from  combination  with  an^aqi^ 
by  lime  water.  The  only  inconvenience  to  be  avoided,  is  the 
possibility  that  the  excess  of  lime  water  used,  may  deposit 
carbonate,  if  the  air  be  not  carefully  excluded  during  the  filtering 
?md  washing  of  the  precipitate. 

It  is,  however,  but  due  to  Dr.  Scudamore  to  state  that  I  have 
found  magnesia  actually  existing  in  this  water,  but  which  I  did 
not  believe  to  be  the  case  until  I  read  his  work,  and  even  whea 
I  had,  I  doubted  as  to  the  accuracy  of  his  statement.  My  sus- 
picions of  the  Doctor's  inaccuracy  were  indeed  strengthened  by 
an  experiment  which  he  relates,  and  which  I  had  tried  with  si- 
milar results,  viz.  that  lime  water  occasions  no  precipitate,  in 
Buxton  water  which  had  been  boiled  :  this  experiment  induced 
toe  to  beheve  that  the  water  contained  no  magnesia;  button 
craporating  a  portion  to  dryness,  and  redissolving  the  saline  re-' 
siduum  in  wat^r,  a  precipitate  of  magnesia  actually  occurred,  ft^ . 
will  not  be  surprising  that  lime  water  did  not  indicate  the  m?^- 
nesia  in  the  water  without  concentration,  when  it  is  stated  th^ 
the  whole  quantity  which  a  gallon  contains  amounts  to  only^ 
about  0*16  of  a  grain.  I  have  considered  this  part  of  the  sut 
ject  merely  with  a  view  of  determining  the  best  methods  of 
detecting  the  presence  of  magnesia  {  for  I  will  hazard  the 
minion,  .that  in  a  medicinal  point  of  view,  the  0*1 6  of  a  ^raia 
^  magnesia^  however  combined^  cannot  )po^^^^  ^tl>j  n^x^  «^'- 
iensive  JnHuence  when  dissolved  in  a  galloti  <>?  'SM^X.et^  ''^5S^» 
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iriiale  weight  of  the  saliae  conteats  of  a  gallon  of  BuKton 
■watex  amounts  to  fifteen  grains ;  my  experiments  make  it  ra- 
ther less  ;  but  I  am  inclined  to  think  tliat  Dr.  Scudamore 
lias  statfd  the  chemical  analysis  of  this  water  with  great  ac- 
curacy. 

In  the  analysis  of  the  Tunbridge  waters,  I  think  Dr.  ScudamoK 
lias  been  rather  profuse  in  the  application  of  the  tests  to  indicate 
the  presence  of  iron :  thus,  after  observing  an  evident  ochery 
deposite,  the  unequivocal  action  of  tincture  of  galla,  we  have 
the  coahrmini;  evidence  of  prussiate  of  potash,  and  sulphuretted 
hydrogen,  which  are  again  rendered  doubly  sure  by  the  infusion 
of  tea  and  coffee,  whilst  with  cocoa  or.  chocolate  no  action  ap- 
pears. Now  with  all  deference,  1  submit,  that  these  last  ob- 
servations might  have  been  spared,  as  they  serve  merely  to  com- 
plicate the  subject,  and  are  devoid  of  any  particular  interest, 
for  I  have  never  heard  of  the  application  of  Tunbridge  water  la 
preparing  food. 

The  quantity  of  oxide  of  iron,  obtained  from  Tunbridge  water, 
Dr.  Scudamore  states  to  be  2'22  grains ;  it  is  not,  perhaps,  i 
nutter  of  much  importance,  but  I  may  observe  that  this  quan- 
tity of  iron  is  rather  over-rated,  for  it  was  weighed  in  the  state 
of  peroxide,  but  ought  to  have  been  reduced  to  that  of  protoxide, 
ID  which  iron  always  exists  in  mineral  waters  ;  this  will  make 
4he  quantity  of  oxide  about  1-99  grain. 

The  analysis  I  shall  next  notice  is  that  which  Dr.  Scudamore 
has  given  of  the  Bath  water :  this  water  I  analyzed  about  seven- 
teen years  since ;  and,  as  well  as  every  preceding  and  following 
analyst,  I  failed  to  ascertain  the  presence  of  magnesia,  now 
^own  to  exist  in  the  Batii  wattr  by  Dr.  Scudamore ;  my  error 
arose  from  employing  Ekmmonia,  on  the  supposition,  which  I  did 
not  then  know  to  be  erroneous,  that  this  alkali  would  throw 
down  minute  quantities  of  magnesia.  I  have,  by  employing 
Cme  water  in  the  mode  already  pointed  out,  ascertained  the 
«orTf«tness  of  this  author's  statement.  It  appears  that  a  pint 
of  the  water  contains,  however,  only  about  1-6  grain  of  muriate 
of  magnesia. 

In  other  respects  there  is  no  very  material  difference  between 
Dr,  S-'s  analysis  and  mine ;  but  I  may  observe  that  he  committed 
a  slight  error  m  supposing  me  to  have  stated,  that  iron  cannot  be 
detected  in  the  Bath  water  after  it  has  cooled;  what  I  hare 
shown  is,  that  if  cooled  without  the  presence  of  oxygen  or  at 
iBospheric  air,  it  retains  its  property  of  being  acted  upon  by 
tjocture  of  ^allsand  showing  the  presence  of  iron  ;  it  is,  indeed, 
upon  diis  circumstance,  that  the  peculiarity  of  the  Bath  water, 
as  &r  as  regards  its  chalybeate  impregnation,  depends, 

Tlie  only  remaining  analysis  which  1  shall  notice  is  that  of  the 
Malvern  water ;  some  discussion  has  arisen  between  Dr.  Philip, 
who  formerly  analyzed  this  watet,  a^idtbt  author  of  the  present 
—''    as  to  whether  this  walex  contaiiQei  wa.-^  "wi^a,    Q^t-^'i.jssj^ 
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in  the  usual  way,  I  should  certainly  coincide  with  Dr.  Scuda- 
more, for  it  appears  to  me  that  neither  tincture  of  galls,  nor 
prussiate  of  potash,  produces  any  appearance  of  iron.  The  ques*^ 
tion  has,  however,  been  set  at  rest  by  Mr.  Children,  who  findsp 
that,  by  evaporating  the  water,  a  very  minute  portion  of  iron  is 
discoverable  by  prussiate  of  potash ;  but  whether  that  quantity  • 
of  iron,  which  cannot  be  detected  by  the  common  means,  i» 
fikely  to  be  useful  in  medicine  is  not  for  me  to  determine,  but  I 
may,  perhaps,  be  allowed  to  question  it.  The  quantity  of  iron 
contained  in  a  gallon  of  Malvern  water,  according  to  Mr.  Chil- 
•dren's  experiments,  scarcely  exceeds  one  seventieth  of  a  grain. 

Some  difference  of  opinion  also  exists  between  Drs.  Scuda- 
more and  Philip  as  to  the  existence  of  carbonate  of  soda  in  it. 
I  evaporated  a  portion  both  from  Holywell,  and  St.  Anne's  Well^ 
to  about  1-30  of  its  original  volume,  but  I  could  not  discover, 
the  slightest  trace  of  any  alkali.  It  appears,  therefore,  to  me 
that  Dr.  Scudamore's  statement  is  correct.  In  closing  my  ob- 
servations upon  this  work,  I  wish  to  state  that  I  cannot  admits 
with  Dr.  Scudamore,  the  position  laid  down  by  the  late  Dr. 
Murray,  that  when  certain  acids  and  alkaline  bases  are  mixed 
together  in  solution,  such  salts  are  most  likely  to  be  formed  as 
are  most  soluble  in  water.  If  I  put  together  certain  quantities^ 
.  of  sulphate  of  soda,  and  muriate  of  lime,  precipitation  takes 
place,  because  sulphate  of  lime  is  formed  ;  but  is  it  likely  that^ 
as  this  theory  supposes,  the  whole  of  the  sulphate  of  lime  formed 
is  thrown  down  f  Indeed,  if  I  understand  Dr.  Murray's  position, 
it  amounts  to  this — that  supposing*  I  mix  together  sufficient 
^quantities  of  muriate  of  lime  and  smphate  of  soda,  to  form  one 
hundred  parts  of  sulphate  of  lime,  that  sulphate  of  lime  will  only 
be  formed  if  there  be  not  water  enough  to  hold  it  in  solution  j 
but  this  would  seem  like  attributing  the  property  of  insolubiUty 
to  a  compound  before  its  formation. 

It  has,  indeed,  been  attempted  to  strengthen  this  statement 
by  arguing  from  the  effects  which  certain  mineral  waters  pro- 
duce, or  are  supposed  to  produce,  and  which,  according  to  com-  ^ 
mon  views,  contain  only  sulphate  of  lime  and  muriate  of  soda  ^ 
these  waters  are  imagined  to  owe  their  good  effects  to  con- 
taining not  sulphate,  but  muriate  of  lime.  It  would,  however,  I 
think,  require  numerous  experiments  to  prove  that  the  same 
quantity  of  lime  is  more  active  as  a  medicine  when  combined 
with  muriatic  than  sulphuric  acidj  when  exhibited  in  equal 
quantities.  I  do  not  aeny,  but  I  question  the  fact ;  and  if  it 
should  be  proved,  it  may,  as  far  as  1  am  competent  to  give  an 
opinion,  be  derived  from  the  muriatic  acid  as  from  the  lime. 

1  have  not,  in  examining  this  work  hitherto,  expressed  any 
decided  opinion  as  to  its  merits ;  but  1  may  add,  that  the  chemical 
part  of  it  appears  to  have  been  conducted  with  ability ;  and 
if  the  medical  applications  of  the  waters,  have  been  as  ablv  ^vexL 
as  the  chemical  history,  (of  which  1  et\l«t\»Aiv  xv<^  ^ovSoX*^  ^^R*- 
work  must  prove  useful  both  to  the  chemif&t  otA  ^^%m%Sk.c— "SA. 
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March  8, — On  the  Length  of  the  Second's  Pendulum  ia 
ferent  Latitudes,  by  Capt.  Sabine. 

March  15. — Observations  on  Napthalin,  by  Dr.  Kidd. 

March  21.— On  the  Papyri  of  Herculaneum,  by  Sir  H.  Dai 

At  the  same  meeting  two  other  papers  were  read,  viz.  On  tn 
Aberration  of  compound  Lenses,  by  Mr,  Herschel ;  and  On  th»^ 
Skeleton  of  the  Dut;ong,  by  Sir  E.  Home. 

An  account  of  the  contents  of  the  above  papers  will  be  gives 
in  the  next  Dumber. 

GEOLOGICAL    SOCIETY, 

Jdn.  14. — The  Catalogue  Raisonn^e  of  the  Collection  of  SwJge 
Rocks,  sent  by  M.  Lardi,  was  read. 

The  great  valley  comprehended  between  Mount  Jura  and  the 
Alps,  and  which  forms  the  lowest  part  of  Switzerland,  is  com- 
posed  partly  of  an  alluvium,  and  partly  of  a  sandstone  and  pud- 
dingstone,  in  Switzerland,  called  Nagelflue,  which  signifies 
literally  nail-head-rock.  The  alluvium  consists  of  insulated 
masses  of  primitive  rocks,  rolled  pebbles,  and  debris,  from  the 
surrounding  mountains  ;  in  this  are  also  beds  of  clay. 

The  nagelHue  may  be  divided  into  two  parts ;  the  tnolaiw 
and  the  nageltioe,  properly  so  called.  The  first  is  a  sandslon^ 
used  for  building  in  that  country  ;  it  is  disposed  in  honzorriil 
beds  alternating  with  beds  of  marie,  which  sometimes  cont^' 
marine  shells  and  veins  cf  fibrous  gypsum:  the  lower  pai't  hi 
beds  of  fetid  bituminous  limestone  with  freshwater  shells,  an 
tbin  layers  of  coal. 

The  nagelfiue  consists  of  a  conglomerat«  of  rounded  pebblflC 
of  hmestooe  united  by  a  cement  of  the  same  nature;  it  forras-fi 
mass  of  30  or  40  feet  in  thickness,  and  contains  also  beds  «f 
marie,  and,  occasionally,  of  coal.  This  appears  to  rest  upon  1 ' 
calcareous  rocks  of  the  Alps. 

The  greatest  part  of  Mount  Jura  consists  of  calcareous  roi 
vhichis  usually  compact,  and  of  a  yellowish  colour;  some  oftbl 
beds  are  oohte.  It  incloses  numerous  marine  shells.  The  bedS 
of  Jura  dip  on  both  sides  of  the  chain.  There  is  found  hi 
a  formation  of  clay  ironstone,  which  extends  nearly  all  the  lengdt 
of  the  Jura,  and  which  supplies  many  foundries. 

The  Alpine  limestone  is  considered  as  a  transition  formatioaf 

it  is  of  a  compact  texture,  of  a  greyish  colour,  and  frequentW- 

contains  nodules  of  flint.     It  rests  on  another  limestone  whic4 

jUlernates  with  slate. 

.     The  saiiferous  district  of  B«x  Wa  \ieeu'«ft'&&ie%rafe«A\yi 
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.  CSiarpentier.  It  belongs  to  the  tkrangition  formation,  and  rests 
.at  Lavey  on  primitive  rocks.  It  is  composed  chiefly  of  a  lime- 
.stone,  of  which  we  distinguish  two  varieties  ;  one  is  compact  and 
.oolitic,  sometimes  containing  much  silex;  the  other  is  an  argil- 
laceous limestone.  It  is  in  tlie  last  that  the  gypsum  of  the 
environs  of  Bex  is  situated.  This  gypsum  is  generally  in  the 
^-state  of  anhydrate,  and  presents  several  varieties.  It  is  usually 
impregnated  with  muriate  of  soda,  and  sometimes  contains  bedSs 
of  nydrous  gypsum  in  the  state  of  selenite  ;  the  fine  crystals  of 
which,  from  this  place,  are  very  celebrated.  Native  sulphur  is 
.also  found.  The  beds  subordinate  to  the  gypsum  are  argiUar- 
ceous  limestone  and  slate  clay. 

Between  Morcles  and  Lavey  commences  a  transition  forma- 
tion, consisting  of  felspathic  rocks,  clay  slate,  and  breccias,  or 
iniddingstone.  This  country  is  little  known.  Nearly  the  whole 
length  of  the  Valais,  a  formation  of  clay  slate  extends  :  it  coiif- 
tains  also  beds  of  limestone,  of  gypsum,  and  of  quartz. 

Above  Oberswald  are  found  rocks  of  gneiss,  mica  slate,  clay 
slate,  dolomite,  and  gypsum.  These  constitute  the  mountains  of 
the  Fourche  of  St.  Gotbard,  and  the  superior  part  of  the  valley 
of  the  Tessin. 

At  Lago  di  Lugano,  a  blackish-brown  porphyry  is  met  witb^ 
consisting  of  hornstone  with  small  crystals  of  wnite  felspar. 

ASTRONOMICAL    SOCIETY    OF    LONDON. 

At  the  commencement  of  the  last  year  this  interesting  and 
important  Society  was  founded.  Aknough,  at  that  time,  we 
oautted  the  expression  of  our  gratification  on  account  of  its  forma- 
tion, and  even  neglected  to  announce  it,  yet  we  fully  participated 
with  the  cultivators  of  the  science  of  astronomy  in  their  enthusias** 
tic  expectations  of  the  decided  and  powerful  influence  of  this  as- 
sociation upon  its  future  progress.  Indeed  it  had  always  appeared 
to  us  to  be  somewhat  extraordinary,  that  while  chemistry^ 
^ology,  and  several  branches  of  natural  history,  were  promoted 
and  extended  by  associated  bodies,  a  science,  which,  from  the 
vastness  of  its  objects,  and  the  extent  and  difficulty  of  its  obser- 
vations and  investigations,  demands  in  the  highest  degree,  the 
powerful  aid  of  this  concentration  of  intellect,  should  so  long 
nave  been  left  to  rely  for  its  advancement  on  the  labours  of  insu- 
lated and  independent  individuals.  That  this  desideratum  for 
astronomy  will  now  be  efiectually  supplied,  cannot  be  doubted  by 
those  who  have  perused  an  exposition  of  the  views  and  objects 
of  the  Society,  in  an  address  circulated  prior  to  their  first  meet>- 
iiig,  and  a  list  of  members  affixed  to  the  report  presented  by  the 
Council  to  the  first  annual  general  meeting.  Although  the  last, 
we  boldly  predict,  that  the  Astronomical  Society  will  not  be  ^tut 
least,  in  the  career  of  utility  and  ftme. 

Witliout  entering  too  much  idto  detail,  we  may^  by  «n  extract 
fivMB  the  ndmiraUe  adciress  befote  attiidc^  to,  imffiiJGM;^^^ 
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the  enlarged  views  and  liberal  feelings  of  the  promoters  of  tkii 
design.  "  One  of  the  first  great  steps  towards  an  accurate 
knowledge  of  the  construction  of  the  heavens,  is  an  acquaintance 
with  the  individual  objects  they  present :  in  other  words,  the 
formation  of  a  complete  catalogue  of  stars,  and  of  other  bodies, 
upon  a  scale  infinitely  more  extensive  than  any  that  has  yet  been 
undertaken ;  and  that  shall  comprehend  the  most  minute  objects 
visible  in  good  astronomical  telescopes.  To  form  such  a  cata- 
logue, however,  is  an  undertaking  or  such  overwhelming  labour 
as  to  defy  the  utmost  exertions  of  individual  industry.  It  is  i 
task  which,  to  be  accomplished,  must  be  divided  among  num- 
bers ;  but  so  divided  as  to  preserve  a  perfect  unity  of  design,  and 
prevent  the  loss  of  labour  which  must  result  from  several  obser- 
Ters  working  at  once  on  the  same  region,  while  others  are  left 
unexamined.  The  intended  foundation  of  an  observatory  at  the 
Bouthem  extremity  of  Africa,  under  tlie  auspices  of  the  Admi- 
ralty, may  serve  to  show  the  general  sense  entertained  of  lie 
importance  of  this  subject,  and  the  necessity  of  giving  every 
possible  perfection  to  our  catalogue  of  the  fixed  stars.  Deeply 
impressed  also  with  the  importance  of  this  task,  and  fully  aware 
of  its  difficulty,  the  Astronomical  Society  might  call  upon  the 
observers  of  Europe  and  ol  the  world  to  lend  their  aid  in  its  prose- 
cution. Should  similar  institutions  be  formed  in  other  countries, 
the  Astronomical  Society  (rejecting  all  views  but  that  of  benefit- 
ing science)  would  be  ready  and  desirous  to  divide  at  once  the 
labour  and  the  glory  of  this  Herculean  attempt,  and  to  act  in 
concert  together  in  such  manner  as  should  be  judged  most  con- 
ducive to  the  end  in  view."  The  following  summary  with  which 
the  address  concludes,  may  be  quoted  in  order  to  convey  at  once 
a  distinct  representation  of  the  purposes  of  this  Society.  "The 
objects  of  the  original  members  may  be  sufficiently  gathered 
from  what  has  been  already  said,  and  may  be  thus  summed  up 
in  few  words  j  viz.  to  encourage  and  promote  their  peculiar 
science  by  every  means  in  their  power,  but  especially — by  collect- 
ing, reducing,  and  publishing,  useful  observations  and  tables— 
by  setting  on  foot  a  minute  aud  systematic  examination  of  the 
heavens — by  encouraging  a  general  spirit  of  in^ui]^  in  practical 
astronomy—by  establishing  communications  with  foreign  obsei^ 
vers — by  circulating  notices  of  all  remarkable  phenomena  about, 
to  happen,  and  of  discoveries  as  they  arise — by  comparing  the 
merits  of  different  artists  Eminent  in  the  construction  of  astrono- 
mical instruments — by  proposing  prizes  for  the  improvement  of 
particular  departments,  and  bestowing  medals  and  rewards  for 
successful  research  in  all ; — and,  finally,  by  acting  as  far  as  pos- 
sible, in  concert  with  every  institution,  both  in  England  and 
abroad,  whose  objects  have  any  thing  in  common  with  their 
own ;  but  avoiding  all  interference  with  the  objects  and  interests 
of  established  scientific  bodies." 
Qa  the  ninth  of  Februai:^ ,  tbe  fast  m\ib\^  ig^Tv^TaV-otfttiBo^^ 
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the  Society  was  held ;  jmd  the  following  gentlemen  were  elected 
officers  for  the  year  ensuing ;  viz. 

President.— Sir  W.  Herschel,  LLD.  FRS. 
Vice-Presidents.— K.  T.  Colebrooke,  EsqJFRS.  &  LS. 

S.  Groombridge,  Esq.  FRS. 

D:  Moore,  Esq.  FRS.  SA.  &  LS. 

J.  Pond,  Esq.  Astronomer  Royal,  FRS. 
Treasurer. — Rev.  W.  Pearson,  LLD.  FRS. 


Secretaries. — C.  Babbage,  Esq.  MA.  FRS.  L  &  E. 

aily,  Esq.  FRS. 
J.  F.  W.  Herschel,  Esq.    MA.  FRS.  L  &  E. 


F.  Baily,  Esq.  FRS.  8c  LS. 


(Foreign.) 
Coi/nciY.— Capt.  T.  Colby  Roy.  Eng.  LLD.  FRS.  L  &  E. 

Sir  H.  C.  Englefield,  Bart  FRS.  L  8c  E.  FSA.  8c  LS. 


Davies  Gilbert,  Esq.  VPRS.  and  FLS. 

jrtz,  E 

2gory, 
J.  Rennie,  Esq.  FRS.  L.  8c  SE.  A  8c  LS. 


sq. 
B.  Gompertz,  Esq.TRS. 
O.  G.  Gregory,  LLD. 


J.  South,  Esq.  FRS. 
E.  Troughton,  Esq.  FRS. 
Trustees. — A.  Baily,  Esq. 

D.  Moore,  Esq.  FRS.  SA.  8c  LS. 
C.  Stokes,  Esq.  FRS.  SA.  8c  LS. 
The  Treasurer  for  the  time  being. 

To  this  meeting  an  elegant  and  elaborate  report  was  presented 
by  the  Council,  which,  having  been  adopted  by  the  Society,  was 
ordered  to  be  printed.  After  congratulating  the  members  on 
the  success  which  has  attended  the  first  attempt  to  esta'blish  a 
Society  for  the  promotion  of  so  important  a  branch  of  science  as 
astronomy,  and  stating  Uiat  the  efibrts  of  its  founders  have  been 
crowned  with  an  accession  of  strength  far  beyond  their  most 
aanguine  expectations,  the  Council  proceeds  to  announce  a  plan 
of  distributing  medals,  as  an  honorary  reward,  to  such  per- 
sons as  may  distinguish  themselves  by  any  material  discovery, 
or  improvement,  in  the  science.  The  following  extract  will  exhi- 
bit some  of  the  subjects  selected  for  the  application  of  these 
^stimulating  rewards.  *^  In  the  first  place,  it  is  proposed  to 
bestow  the  medal  for  the^  discovery  of  any  new  planet,  satellite, 
or  comet ;  or  for  the  rediscovery  of  any  old  comet,  or  of  any  stars 
that  have  disappeared.  Considering  also  the  great  importance 
^both  in  a  nautical  and  geographical  point  of  view)  of  having 
accurate  observations  of  the  eclipses  of  Jupiter's  satellites,  and 
of  occultations  of  stars  by  the  moon,  they  think  that  the  medal 
should  be  given  for  any  considerable  coUection,  not  only  of  ori- 
ginal observations  of  this  kind,  but  also  of  well  authenticated  re- 
corded observations,  reduced  to  the  mean  time  of  the  meridian  of 
some  well  known  observatory.  Observations  likewise  on  the  ^si- 
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ttODB  of  the  fixed  stars,  tending  eiljier  to  the  enlargement  and  per- 
fection  of  our  present  catalogu);8,  or  to  the  more  accOiate  detenni- 
nationof  the  variable  ones  in  size,  colour,  or  situation;  U£  wejlas 
observations  on  double  stars,  tending  in  like  manner  not  only  to 
the  enlargement  and  perfection  of  the  present  catalogues,  but  also 
to  the  determination  of  their  angular  distance  and  of  their  angle  of 
position ;  together  with  observations  on  nebulse, — appear  proper 
subjects  of  such  reward.  To  these  may  be  added,  observatiou 
on  refraction,  with  a  view  to  the  more  perfect  theory  of  that 
phenomenon,  particularly  at  low  altitudes  where  irregularili« 
take  place,  when  little  or  no  variation  has  taken  place  in  the 
barometer  or  thermometer;  ohservations  on  the  tides,  particu- 
larly in  situations  where  the  current  is  not  influenced  by  any 
contiguous  continent;  observations  tending  to  determine  the 
true  figure  of  the  sun,  or  of  the  earth  ;  and,  in  short,  any  obser- 
vations which  may  be  considered  likely  to  advance  and  improre 
the  science." 

Having  mentioned  several  other  subjects,  such  as  the  reduc- 
tion of  observations  when  made ;  the  formation  of  various  new 
tables,  and  the  improvement  of  others  ;  the  comparison  of  the 
places  of  the  planets;  the  examination  of  the  recorded  observa- 
tions of  preceding  astronomers;  and  every  improvement  of 
instruments  which  may  tend  materially  to  advance  the  science, 
for  which  the  Society's  medals  will  be  bestowed,  the  Council 
proceeds  to  recommend  tlie  proposal  of  the  gold  medal,  and 
twenty  guineas  for  the  solution  of  the  following  question  ;  aqaes- 
tion  requiring  the  synthetic  application  of  the  Newtonian  doc- 
trines, together  with  the  highest  refinements  of  modem  analywa ; 

"  For  the  best  paper  on  the  theory  of  the  motions  and  pe^tDl^ 
bations  of  the  satellites  of  Saturn.  The  investigation  to  be  «9 
conducted  as  to  take  expressly  into  consideration  the  inSueaoB 
of  tile  rings,  and  the  figure  of  the  planet  as  modified  by  ttii 
attraction  of  the  rings,  on  the  motions  of  tJie  satellites  :  to  fumiall 
formulEE  adapted  to  tJie  determination  of  the  elements  of  theit 
orbits,  and  the  constant  coefficients  of  their  periodical  and  secth 
lar  equations,  from  observation :  likewise  to  point  cut  the  obse^ 
vations  best  adapted  to  lead  to  a  knowledge  of  such  deterrainatttn 
The  papers  to  be  sent  to  the  Society  on  or  before  the  first  day  rf 
February,  1823." 

The  Council,  however,  while  thus  taking  advantage  of  the 
stimulus  to  inquiry  which  medals  and  prizes  produce,  have  esta^  , 
blished,  in  the  following  impressive  sentences,  their  claim  to  the 
possession  of  a  full  sense  of  the  magnificence  of  their  science, 
and  til  e  comparative  insignificance  of  their  rewards:  "It  m^ 
indeed  appear  extraordinary  that  no  mention  should  yet  ha»e 
been  made  of  the  great  desiderata  of  astronomy;  those  questiooC 
which  have  exercised  the  curiosity  and  employed  the  timeani 
attention  of  astronomers,  ever  since  tbe  science  has  assumed  M 
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preieBt  cbaractf^'--9ucb  as  the  parallax  of  the  fixed  stara^  their 
prtypec  moticMo^  the  motion  or  rest  of  our  own  system,  and  hfl^ 
connection  with  the  rest  of  the  universe.  But  tnese  and  manjr 
other  points,  are  too  obviously  suggested  by  their  importance  to 
need  any  particular  notice  or  encouragement.  The  man  fqt 
whom  discoveries  of  this  clas^  are  reserved,  soars  far  beyond  any 
distinction  which  this  Sodety  can  bestow :  the  applause  of  th^ 
human  race  attends  his  labours  ;  and  no  additional  stimulus  can 
be  ofiFered  to  those  by  which  he  is  impelled." 

In  consequence  of  a  commimication  from  Captain  Basil  Hdjl^ 
expressing  his  readiness  to  attend  to  any  instructions  on  subjects 
wherein  he  might  be  of  service  to  the  science  of  astronomy  in  his 
intended  voyage  to  the  South  Seas,  the  Council  have  delineated 
with  great  minuteness  and  ingenuity,  their  wishes  in  regard  to 
his  undertaking.  The  formation  of  an  Astronomical  Library,  onef 
rfthe  objects  of  the  Society,  is  then  noticed;  and  (he  donation^T 
by  the  East  India  Company  of  many  valuable  papers  on  astrono- 
mical subjects,  and  of  a  series  of  observations  made  at  the 
Observatory  at  Madras,  are  acknowledged.  The  alteration  of 
several  of  the  regulations ;  the  appointment  of  Committees 
foF  various  purposes ;  the  notice  of  the  discussion  of  a  plan 
for  examining  the  heavens  in  minute  detail;  and  the  state- 
ment of  the  constant  accession  and  unqualified  approbation  of  the 
continental  astronomers,  constitute  the  remaining  topics  of  tlus 
report ;  which  thus  concludes  :  "  On  the  whole,  the  Council 
cannot  view  this  new  impulse  which  appears  to  have  been  given 
to  astronomy  in  all  parts  of  the  world,  without  anticipating  the 
most  beneficial  results  to  the  science.  The  establishment  of 
several  new  Observatories  on  the  continent  of  Europe  (one  of 
them  above  the  sixtieth  degree  of  north  latitude)  under  the 
direction  of  men  eminent  in  science,  and  vieing  with  each  other 
in  the  most  honourable  branch  of  emulation — the  rising  efforts 
of  our  countrymen  in  the  East  Indies — the  zeal  of  our  brethren 
qn  the  American  continent — the  foundation  of  a  public  Observa- 
tory at  Cambridge,  and  another  at  the  Cape  of  Good  Hope  (both 
so  honourable  to  our  own  country) — ^must  ensure  the  good  wishes 
of  every  friend  to  science,  and  excite  the  admiration  of  evety 
reflecting  mind. '^ 


Article  XVII. 

NEW  SCIENTIFIC  BOOKS 


J^  Amloi^eBX  Inquiry  uifo  the  probable  Results  of  the  Inftoenceof 
Cftctfttoos  Eraptions  in  Hydrophobia,  Tetanus,  Non-^Exanthematoirtp 
and  other  Diaeaies  incidental  to  the  Human  Body,  iUu&U«X<&^b^  C'vseii^ 
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Dr.  Clark  Abel  is  preparing  a  Tranalalion  from  ihe  Gcrrnan  of  BJu- 
menbach'B  Elements  of  Nattiral  History,  comprehending  considerable 
Additions. 

Observations  on  some  of  the  General  Principles,  and  on  the  Parti- 
cular Nature  and  Treatment,  of  tli  e  different  Species  of  Inflammation ; 
by  J.  H.  James,  Surgeon  to  the  Devon  and  Exeter  Hospitals,  &c 

An  Essay  on  Resuscitation,  with  a  Representation  aod  Description 
of  an  improved  Apparatus.     IJy  T.  J.  Armiger,  Surgeon. 

Tliomas  Hare,  FLS.  &c.  intends  to  publish  a  View  of  the  Structure, 
punctions,  and  Disorders  of  the  Stomach,  and  Alimentary  Organs  of 
the  Human  Body,  with  Physiological  Observations  and  Remarks  upon 
the  QufllitieB  and  Effects  ofFood,  and  fermented  Liquors. 


Prftctical  Obserratione  on  those?  Disorders  of  the  Liver,  and  other 
Organs  of  Digestion,  which  produce  the  several  Forms  and  Varietie* 
of  the  Bilious  Complaint.  New  and  enlarged  Edition.  By  Joseph 
Ayre,  MD.     Hs.  6d.  bds. 

Observations  on  Syphilis.     By  John  Bacot,     8vo.     5s. 

A  Treatise  on  the  Epidemic  Cholera  of  India.  By  James  Boyle. 
8vo.     5s. 

A  Treatise  on  the  Medical  Powers  of  the  Nitromuriatic  Acid  Badi 
in  various  Diseases,  wilh  Cases,  Ky  Walter  Dunlop,  Surgeon.  8vo.  &. 

Illustrations  of  British  Ornithology.  By  P.  J.  Selby,  Eb(j.  Member 
of  the  Wernerian  Natural  History  Society  at  Edinburgh.  First  Series, 
Land  Birds,  No.  I.     Elephant  folio,  1/.  lls.6d.  coloured  5/.  5  j. 

Elementary  Illustrations  of  the  Celestial  Mechanics  of  Laplace. 
8vo.     10s.  6a.  boards. 


■Kt  Article  XVIII. 

"*'  NEW  PATENTS. 

James  Ferguson  Cole,  of  Hans-plaeo,  St.  Luke,  Chelsea,  for  o 
improvements  in  chronometers. — Jan.  27,  1821. 

John  Roger  Arnold,  of  Chigwell,  Essex,  for  a  new  or  improved  ex- 
pansion balance  for  chronometers. — Jan.  27. 

Alphonso  Doxat,  of  Bishopsgate-street,  for  a  new  combination  of 
mechanical  powers,  whereby  the  weight  and  muscular  force  of  men 
may  be  employed  to  actuate  machinery  for  raising  water,  or  other  pur- 
poses, in  a  more  advantageous  manner  than  has  been  hitherto  practised, 
communicated  to  him  by  a  certain  foreigner  residing  abroad. — Jan.  27. 

Phillips  London,  the  younger,  of  Cannon-street,  practical  chemist 
for  a  certain  improvement  in  the  application  of  heat  to  coppers  and 
other  utensils. — Feb.  3. 

William  Aldersey,  of  Homerton,  for  an  improvement  on  steaai* 
engines,  and  other  machinery  where  the  crank  is  used. — Feb.  3. 

George  Vizard,  of  Dursley,  Gloucestershire,  for  a  new  process  W 
method  of  dressing  and  polishing  goods  of  woollen  manufacture.—' 
Feb.  3. 
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METEOROLOGICAL    TABLE. 


Barometer. 

TnefeMOMETER.  1 

Hygr.    at 

1821. 

Wind. 

Max. 

Alin. 

Max. 

Min: 

Evap. 

Rain. 

9  a.m. 

d  Mon. 

Feb.    11 

5      W, 

30-36 

30-21 

52 

44 

— 

63 

2 

W 

30-32 

30-21 

50 

31 

— 

», 

80 

# 

3 

W 

30-25 

30-05 

48 

39 

—- 

77 

4 

W 

30-62  30-03 

44 

25 

— . 

«... 

70 

5 

N     W 

30-74  30-62 

39 

24 

... 

67 

6 

s    w 

30  76  SO-SP 

42  . 

27- 

— 

60 

7 

s    w 

30-69  30-61 

45 

27 

.— 

68 

8 

s 

30-61 

30-25 

49 

21 

— 

55 

9 

Var. 

30-30  30*  11 

45 

29 

— 

73 

c 

10 

N      E 

30-37,30-30 

46 

28 

_ 

73 

11 

N      E 

30-37  30-30 

45 

27 

—- 

6t 

12N      E 

30-33  30-28 

40 

32 

— 

80 

13  N      E 

30-33  30  28 

^9 

30 

55 

66 

14    Var. 

30-S830»28 

34 

31 

— 

59 

15 

N      E 

30-5330-38 

35 

51 

— 

74 

\6 

N      E 

30-53  30-41 

38 

26 

— 

71 

17 

S       E 

30-41  30-24 

33 

26 

-^ 

80 

1« 

N     W 

3033 

30-20 

.39  . . 

.    27 

.  — 

— 

67 

0 

19 

N    W 

30-33 

30-30 

40 

22 

— 

66 

20 

N     W 

30-31 

30-17 

40 

30 

— 

08 

62 

21 

N     W 

30-32130-21 

40 

27 

— 

79 

22 

S       E 

30-32  30-30 

42 

20 

•  — • 

65 

23 

N    W 

30-30'30-2l 

37 

20 

— 

76 

24 

N     W 

30-2130-15 

37. 

24 

— 

91 

25 

.N     W 

3015  30-14 

.      44   ■ 

32 

— 

— 

79 

26 

\     E 

30-14  29-92 

35. 

18 

.^ 

, 

66 

» 

27 

S        E 

29-92  29*45 

V      38 

24 

.   — 

.m^ 

.       62 

2g 

;s      £ 

:  29-44  29-33 

\      37 

31 

52 

23 

oai 

1       71 

30-7( 

J!29-35 

(      52 

18 

1    1-07 

I    91—55 

The  obsenratioiis  in  each  line  of  the  table  apply  to  a  peiiod  of  twenty-four  houn, 
beginning  at  9  A.  M.  on  the  day  indicated  in  the  fint  odvmo.  A  dash  denotes  that 
he  xesult  is  induded  in  the  nejLt  falpwiDg  obmffTilion* 
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Second  MvBl/i — 1,S.nDe.  3.Fiac;  doudy.  4.  Overcast,  5.  Fine:  hoarftastindiE 
morning.  6.  Hoar  fnwt.  7 .  Hoar  frost ;  very  Sne  morning  :  lunar  corooa  bI  night. 
8.  Hoarfrost,  fine.  B.  Hoarfrost:  cloudy:  fine.  10.  Cloudy,  II.  Cloudy :  &* 
at  interval!.  19 — 15.  Cloudy.  16.  Iiunar  corona.  17-  Cloudy.  Itj.  Fine:  r 
ihower  about  ID,  p.m.  19.  Fine.  90.  Hoar  froit:  a  alunFCT  in  the  eveniiig. 
91.  Cirra-mRKlui  and  Cirrmlralnt  Ktrcakcd,  like  an  agate.  S2.  Hoar  fa4. 
S3,  E4.  Hoot  frost:  foggf.  S5.  Qoudy.  kC.  Cloudy:  bleak.  SJ.  Very  fine  mw. 
ing.    28.  Snowy. 

RESDLTS. 
Windi:  NE,  6;  E,  1;  SE,  4;  S,  1;  SW,  3;  W,  3 ;  NW,  8  ;  Var.  3. 
Bkiometeri  Mein  height 

For  the  month 30-9TS  indies. 

For  the  lunar  period,  ending  the  S5th 30-336 

For  14  days,  ending  (he  5th  (moon  south) 30-404 

For  13  days,  ending  the  18th  (moon  north) S()-395 

Tbeimometer:  Mean  hdgtil 

For  the  month S4'ai4" 

For  the  lunar  period , 35>5 

For  S9  days,  the  sun  in  Aquarius 3e'T41 

iT^natiDD. 1-07  in. 


Mean  of  hygrometer.  70° 

The  barometer,  which  lias  ranged  very  high  moM  part  of  this  winter,  has  twice  riun 
tu  in  the  last  oni)  present  month  as  probaljly  to  reifih  the  upper  extremity  of  the  scilE' 
in  many  instruiUenta,  as  it  did  in  one  of  th  ose  which  +e  observed. 

,•„  The  Comet.,  whidi  is  now  visible,  was  well  I'en  at  Tottenham  by  my  bfotkr 
and  other  persons  as  early  as  the  evening  of  the  33d  i  and  on  the  S7th,  tbe  Zodined 
Light  nu  alio  distinctly  observed  there. 


ioionKarj,,  Stratfird,  T/iird  Month,  11,  1891.  R.  HOWAHD- 


ANNALS 


OF 


PHILOSOPHY. 


MAY,  1821. 


Article  I. 

Observations  on  the  Combinations  of  Azote  and  Oxygen. 
By  Thomas  Thomson,  MD.  FRS. 

ScAKCELY  any  part  of  chemistry  has  been  investigated  with 
more  industry  than  the  various  proportions  in  which  oxygen  and 
azote  combine.  This  is  partly  to  be  ascribed  to  the  beautiM 
simplicity  which  such  combinations  exhibit,  partly  to  the  appa- 
rent facility  of  experiments  on  the  union  of  deutoxide  of  azote 
and  com^ion  air,  und  partly  to  the  notion  entertained  by  Dr. 
Priestley  and  his  contemporaries,  that  common  air  varies  in  the 
proportion  of  oxygen  which  it  contains,  that  its  state  of  salu<^ 
brity  depends  upon  this  proportion,  and  that  the  degree  of  its 
goodness  is  easily  determined  by  means  of  deutoxide  of  azote. 

Chemists  in  general  are  now  agreed  about  the  number  of 
compounds  of  azote  and  oxygen,  which  are  capable  of  being 
formed ;  and,  with  the  exception  of  Mr.  Dalton,  they  are  agreed 
likewise  about  the  exact  proportions  in  which  they  unite.  Mr. 
Dalton,  in  a  veiy  elaborate  paper,  pubUshed  in  the  ninth  volume 
of  the  Annals  of  Philosophy,  jp.  186,  has  given  us  a  great  number 
of  experiments,  from  which  he  draws  the  following  conclusion : 
the  five  compounds  of  azote  and  oxygen,  if  we  consider  both  of 
the  constituents  in  the  gaseous  form,  are  compjased  of 

Volumes.  Volumes. 

100  azote  +  62  oxygen,  constituting  protoxide  of  azote 
100  +  62  X  2  =  124  deutoxide  of  azote 

100  +  62  X  3'=  186  hyponitrous  acid 

100  +  62  X  4  =  248  mtrous  acid 

100  +  62  X  5  z=:  310  mine  ac;\^ 

JVetp  Series^  vol,  i.  x 
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Gay-Lussac,  in  a  paper  piiblished  in  an  early  volume  of  ihe 
Annales  de  Cliiniie  et  de  Physique,  has  given  ven^  stroo" 
reasons  for  concluding  that  the  composition  of  these  five  com- 
pounds is  as  follows : 

Azote.  Oxygen. 

Protoxide  of  azote 100  volumes  +     50  volamea 

Deutoside  of  azote 100  +100 

HyponitrouB  acid 100  +  150 

Nitrous  acid 100  +200 

Nitric  acid.. -.ilOO     _        ■  +  250 

.^8  far  as  I  know,  these  proportions  of  Gay-Lussac  have  been 
adopted  by  the  whole  chemical  world,  with  the  exception  of  Mr. 
Dalton.  My  object  in  this  paper  is  to  show  that  the  present 
state  of  our  knowledge  leaves  no  doubt  whatever  that  Gaj- 
Lusaac's  proportions  are  accurate,  and  that  Mr.  Dalton  has 
misled  himself  somehow  or  other. 

1,  I  take  it  for  granted  that  the  specific  gravity  of  oxygen 
and  azotic  gases  are  as  follows  : 

Oxygen l-llll 

Azotic 0!)722 

For  the  prooft  of  these  specific  gravities,  I  refer  the  reader  lo 
the  Amuh  of  Philosophy,  xvi.  163. 

2.  I  have  demonstrated  (ibid.  p.  171)  that  the  specific  gravity 
of  protoxide  of  azote  is  1*5277 . 

Now  we  have  1  volunae  of  azotic  gas  =  0'972'2 
^  volume  of  oxygen  gas  =  0'5655 

1-5277 

Thus  when  a  volume  of  azotic  gas  is  united  to  half  a  volume 
of  oxygen,  and  the  two  condensed  into  one  volume,  a  gas  ia 
formed  which  possesses  exactly  the  specific  gravity  of  protoxide 
of  azote.  Hence  we  are  entitled  to  conclude,  that  protoMdeof 
azote  is  a  compound  of  one  volume  azotic  +  half  a  volume  of  oijr- 
gen  gas  condensed  into  one  volume,  That  this  is  its  true  co>t 
position  is  obvious  from  the  foUovring  experiment,  which  I  havft 
often  made,  and  which  very  nearly  agrees  with  the  results  givea 
long  ago  by  Davy  in  his  Researches. 

Mix  together  100  volumes  of  protoxide  of  azote  and  Mfi 
volumes  of  hydrogen  gas.  Pass  an  electrical  spark  through  "*' 
mixture ;  detonation  takes  place,  the  whole  hydrogen 
disappears,  the  remdual  gas  measures  exactly  100  volumes, 
is  pure  azotic  gas.  Thus  we  see  that  100  volumes  of  protosid^ 
of  azote  contain  exactly  100  volumes  of  azotic  gas.  The  KKT 
volumes  of  hydrogen  gas  must  have  been  converted  into  water*' 
and  for  tiua  conveision  they  m\jal  Wje  ixovXai.  -avOq.  5Si  •robi-"** 
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-of  oxygen  gas ;  consequently  100  volumes  of  protoxide  of  azote 
.contain  exactly  50  volumes  of  oxygen  gas. 

The  only  difficulty  attending  this  experiment .  is  to  procure 
protoxide  of  azote  in  a  state  of  absolute  purity.  I  have  fre- 
quently had  it  so  pure  that  the  error  in  the  results  did  not 
amount  to  so  much  as  half  per  cent.  This  I  consider  as  a 
denoLonstration  that  Dalton's  proporibion  of  oxygen^  which  he 
makes  62  volumes^  is  excessive.  Were  ihm  the  quantity,  124 
volumes  of  hydrogen  gas  would  be  requisite  instead  of  100 
-  volumes  ;  and  after  burning  a  mixture  of  1 00  volumes  of  {H*otox- 
ide  of  azote  and  100  volumes  of  hydrogen,  a  portion  of  protoxide 
of  azote  (amounting  to  rather  more  than  20  volumes)  should 
remain  undeooRrposed,  or  12  volumes  of  ^oxygen  gas  should  he 
found  in  the  residual  gas,  whieh,  iniitead  of  100  volumes,  would 
amount  to  112  volumes. 

If  Mr.  Dalton  wiU  consider  these  facts,  he  will,  I  think,  see 
.  the  necessity  of  admitting  tfaat:pr<Kt0Kide  of  azote  i^  a  compound 
^f  iOO  vohimes  azotic  +  &0  volumes  oxygen  gas  condensed 
into  100  volumes. 

2.  That  4eutoxide  of  azote  is  a  oompound  of  100  volumes 
azotic  4-100  v4)lumes  oxygen  eas  uoited  together,  and  consti- 
tuting 200  volumes,  wfll  not  a£nit  of  do^iiMty  if  we  attend  to  its 

specific  gravity,  which  I  hive  shown  to  be  1*041 66  {Atmnls  of 
jPkilo8o^y,^y\.  172.)  Kow  this  is  exaetty'  the  mean  of  the  spe- 
cific gravities  of  oxygen  and  azotic  gases  ;  *  for 

Oxygen •.. e  l-llll     ^ 

Azotic =  0-9722 

2)2-Q833 

^^^^^^^^^^^ 

jyiean  •  f.*  ,•  •  ^  •.  •  •  • . .  ...m  • «  r  •  •  •  •  •  •  =   i  *u4 1  ot) 

I  have  not  myself  made  any  experiments  to  determine  the 

auantity  of  oxygen  in  deutoxide  ot  azote  by  combustion ;  but 
ie  evidence  adduced  by  Gray-Lussac  in  the  second  volume  of 
the  Memoires  d'Arcueil,  that  this  gas  is  composed  of  equal 
^volumes  of  oxygen  and  azotic  gas,  is  so  conclusive  as  to  leave 
no  doubts  whatever  on  my  mind  of  its  truth. 

3.  I  have  attempted  to  verify  Gay-Lussac's  experiments,  in 
which  he  made-  one  volume  of  oxygen  gas  unite  with  four 
Yolumes  of  deutoxide  of  azote  ;  but  thougn  I  have  returned  to 
the  subject  more  than  once  at  different  periods  of  the  year,  I 
have  never  been  so  fortunate  as  to  obtain  the  same  results  with 
that  very  ingenious  philosopher.  I  have,  however,  succeeded 
in  hitting  upon  a  method  oy  which  this  combination  can  be 
accomplished  at  all  times  with  the  greatest  ease.  Indeed! 
have  smce  found  that  this  method  is  not  new.  It  was  practised 
by  Mr.  Cavendish  as  long  ago  as  1783,  and  \e  imaxiX.^^  dj^^^x^^^ 
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by  him  in  his  well-known  paper,  entitled  "  Of  a  new  Eudiome- 
ter," (Phil.  Trans.  1783,  p.  106).  It  is,  therefore,  ratlier  singular, 
that  this  method,  which  is  easy  and  exact,  seems  to  be  cjmte 
unknown  both  to  Mr.  Balton  and  M.  Gay-Lussac,  The  melhod 
is  this  :  Put  into  a  small  glass  vessel  open  below  100  volumes  of 
'deutoxide  of  azote.  Into  a  small  cylindrical  glass  vessel  having 
a  small  brasK  stop  cock  at  its  top,  and  a  bi'ass  ptate  (with  tt 
small  hole  in  it)  fixed  to  it  by  grinding  below,  put  100  volumM 
of  common  air.  Sink  the  cyhndrical  vessel  under  water,  and 
place  the  vessel  containing  the  deutoxide  of  azote  over  it,  tak- 
ing care  that  its  mouth  is  under  the  surface  "'"  '""  - -■-- 
Things  being  in  this  situation,  open  T 
common  air  will  make  its  way  slowly,  a 
into  the  deutoxide  of  azote.  Agitate  the 
deutoxide  of  azote  the  whole  time  that  the  common  air  is  ente> 
ing  into  it.  If  you  measure  the  residual  gas  after  the  process  k 
at  an  end,  it  will  amount  at  aa  average  to  96  or  97  volumes ;  eo 
that  the  quantity  of  gas  that  disappears  when  the  experiment  is 
made  in  this  wny  amounts  to  103  or  104  volumes. 

Now  100  volumes  of  common  air  contain  21  volumes  of  oxygen 
gas ;  so  that  82  or  83  volumes  of  the  gas  which  have  disappeared 
are  deutoxide  of  azote  and  21  volumes  oxygen  gas  ;  but  21  r83 
::  100  :  395-2. 

In  this  mode  of  experimenting  then,  100  volumes  of  oxygen 
gas  unite  to3[)y'2  volumes  of  deutoxide  of  azote.  JJow395'2is 
only  about  one  per  cent,  leas  than  400.  I  conceive,  therefore, 
that  there  can  be  no  doubt  when  the  experiment  is  made  in  tlus 
way,  that  100  volumes  of  oxygen  gas  really  unite  with  400 
volumes  of  deutoxide  of  azote. 

Deutoxide  of  azote  consisting  of  equal  volumes  of  azotic  vli 
oxygen  gases  united  without  undergoing  any  condensation,  iti« 
obvious  that  400  volumes  of  it  must  be  composed  of 

200  volumes  oxygen 
200  volumes  azotic  gas 

Therefore,  when  100  oxygen  unite  with  400  deutoxide  of  azote^ 
the  compound  formed  is  in  reality  composed  of  200  volume*- 
azotic  and  300  volumes  oxygen ;  or,  whicn  is  the  same  thing,  oC' 
100  volumes  azotic  +  150  volumes  of  oxygen  gas.  Nowthisttl 
the  compound  called  hyponilrous  acid.  I  nave  never  attempted 
to  collect  this  acid  in  order  to  examine  its  properties,  the  great' 
quantity  of  water  with  which  it  was  diluted  in  all  my  expeA*^ 
ments  precluding  the  possibility  of  obtaining  it.  But  as  tfiHi 
uiode  of  experimenting  gives  uniform  results,  I  see  no  reason  Ccf' 
doubt  that  such  a  substance  as  hyponitrous  acid  actually  existilJ. 
4.  1  have  never  found  any  difficulty  in  obtaining  a  compoond' 
of  100  volumes  oxygen  and  200  volumes  of  deutoxide  of  azotei^^ 
J!My  method  of  proceeding  is  this -.  I  introduce  100  volumes  of 
common  air  into  a  cyVindrical  ^\a&a  VuW,  \fe.e  vtA&t-aii.  &a 
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liich  is  0*9  inch.  This  tube  is  shut  at  one  end  and  open  at 
ither,  and  being  filled  with  water  is  placed  inverted  on  the 
'of  the  water  trough.  A  hundred  volumes  of  deutoxide  of 
i  are  let  up  to  the  common  air.  The  mixture  becomes  yel- 
and  diminishes  rapidly  in  volume.  I  allow  the  tube  ta 
1  untouched  till  the  gas  has  become  clear,  and  till  it  ceases 
bly  to  diminish  in  bulk.  I  then  introduce  the  residual  gas 
a  graduated  tube,  and  mieasure  its  volume.  The  average 
ue,  when  the  experiment  is  made  in  this  way,  is  lo7 
nes.  The  following  table  exhibits  the  residual  volume  in 
ticcessive  experiments,  the  original  volume  of  the  two  gases 
J  200. 

Volumei. 

136 
137 
13'7 
138 
136 
137 


Mean 136-8 

lus  it  appears  that  when  the  experiment  is  made  in  this  way^ 
^s  which  disappears,  and  which  of  course  must  have  been 
erted  into  an  acid  and  absorbed  by  the  water,  amounts  ta 
blumes.  Now  21  of  4;hese  volumes  must  have  been  the 
;en  contained  in  the  100  volumes  of  common  air,  and  the 
ining  42  volumes  must  have  been  deutoxide  of  azote  ;  but 
just  double  21.  Thus  we  see  that  when  the  experiment  is 
5  in  this  way,  one  volume  of  oxygen  combines  with  two 
nes  of  deutoxide  of  azote.  This  is  the  same  thing  *as  100 
nes  of  oxygen  and  200  volumes  of  deutoxide  of  azote ;  but 
iTolumes  of  deutoxide  of  azote  are  composed  of 

100  volumes  oxygen, 
100  volumes  azotic  gas, 

equently  the  acid  formed  in  this  case  is  a  compound  of  lOO 
nes  of  azotic  and  200  volumes  of  oxygen  gas.     It  is,  there-^ 

the  acid  known  by  the  name  of  nitrous  acid,  Dulong  has 
'n  that  this  is  the  acid  which  is  obtained  when  nitrate  of 

is  exposed  to  heat  in  a  retort ;  while  the  receiver  is  sur-^ 
ded  with  a  mixture  of  snow  and  salt.  It  is  an  acid  of  a 
yellow  colour,  and  seems  to  undergo  decomposition  whea 
td  to  the  bases.  From  Dulong's  experiments,  it  appears  to 
ain  no  water.  Indeed  nitrate  of  lead,  when  property  dried» 
•e  from  water. 

I  have  not  yet  hit  upon  a  method  of  uniting  100  volumes  of 
;en  with  133  volumes  of  deutoxide  of  azote.  Davy  first 
red,  that  if  we  unite  these  two  gases  in  these  proportions^ 
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the  resulting  compound  will  be  nitric  acid.  I  have  tried  the 
experiments,  whicn  he  describes,  but  find  the  results  too  yaria- 
ble  to  place  any  reliance  on  them.  But  it  is  not  difficult  to 
demonstrate,  that  nitric  acid  is  in  reality  a  compound  of  10& 
volumes  azotic  and  250  volumes  of  oxygen  gas. 

In  the  Annals  of  Philosophy y  xri.  334,  I  have  shown  by  & 
^mple,  but  decisive  experiment,  that  the  atomic  weight  of  nitoG 
acia  is  6*75.    The  preceding  observations  leave  no  doubt  that   . 
the  composition  of  protoxide  of  azote,  deutoxide  of  azote,  hypo-  I 
nitrous  acid,  and  nitrous  acid,  is  as  follows  :  | 

Azote.  Oxygen. 

Protoxide  of  azote 100  volumes  +  50  volumes 

Deutoxide  of  azote 100  +  100  or  50  x  2 

Hyponitrous  acid 100  +  150  or  50  x  3 

Nitrous  acid • ...  100  +  200  or  60  x  4 

We  cannot  avoid  concluding,  from  observingthese  proportions, 
that  these  different  substances  are  composed  as  follows  : 

Aioto.  Oxygen. 

Protoxide  of  azote 1  atom  +  1  atom 

Deutoxide  of  azote 1  +2 

Hyponitrous  acid  . 1  +3 

Nitrous  acid 1  +4 

Consequently  an  atom  of  azote  is  represented  by  a  volume  of 
azotic  gas  and  an  atom  of  oxygen  by  half  a  volume  of  oxygea 

gas  ;  but  the  specific  gravity  of  azotic  gas  is  0*9732,  and  that 

of  oxygen  1*1111,  the  half  of  which  is  0-5566;  therefore,  the 
weight  of  an  atom  of  oxygen  is  to  that  of  an  atom  of  azote  as 

0-5555  to  0-9722;  but  bb^'b  :  9722  ::  1  :  V75;  consequently,  if 
an  atom  of  oxygen  be  represented  by  1,  an  atom  of  azote  will 
weigh  1*75.  Substituting  these  weights  for  the  atoms  in  the 
.  preceding  table,  we  obtain  the  atomic  weights  of  these  different 
bodies  as  follows : 

Protoxide  of  azote 2*75 

Deutoxide  of  azote 3'75 

Hyponitrous  acid 4*75 

Nitrous  aci(^ • 5*75 

If  to  6*75  we  add  another  atom  of  oxygen,  we  obtain  6*75. 
Now  this  is  the  weight  of  ai;i  atom  of  nitnc  acid.  It  cannot  be 
doubted,  therefore,  that  nitric  acid  is  a  compound  of  five  atoms 
of  oxygen  and  one  atom  of  azote.  But  as  an  atom  of  azote 
represents  a  volume,  while  an  atom  of  oxygen  represents  half  a 
volume,  it  is  evident  that  nitric  acid  must  be  a  compound  of 
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Azote.  Oxygen. 

100  volumes  +  250  volumes. 

Now  this  is  the  very  constitution  pointed  out  by  Davy  and  by 
Gray-Lussac. 

o.  About  the  year  1806,  Mr.  Dalton  published  a  set  of  experi- 
ments to  determine  the  proportion  of  the  several  gases  in  the 
atmosphere.*  In  this  paper  he  remarks,  that  if  36  volumes  of 
pore  deutoxide  of  azote  be  introduced  into  a  glass  tube  abo^ 
three-tenths  of  an  inch  wide,  and  100  volumes  of  common  air  be  • 
let  up  into  it,  after  a  few  minutes  the  whole  will  be  reduced  to 
79  or  80  volumes,  and  will  exhibit  no  signs  of  either  oxygen,  or 
deutoxide  of  azote.  In  this  case,  21  volumes  of  oxygen  have 
united  with  36  volumes  of  deutoxide  of  azote.  If  the  same  expe- 
riment be  made  in  a  wide  vessel^  a  common  tumbler,  for  instance, 
and  if  we  employ  72  volumes  of  deutoxide  of  azote  and  100 
volumes  of  common  ah*,  the  residue  will  be  as  before,  79  or  80 
volumes.  Thus  21  volumes  of  oxygen  unite  with  36  volumes  of 
deutoxide  of  azote  in  a  narrow  tube,  and  with  36  x  2  =  72 
volumes  in  a  wide  vessel.     This  is  equivalent  to 

Oxygen.  Deutoxide  of  azote. 

100  volumes  +  171*429  volumes 
100  -h  342-858 

The  diminution  of  volume  in  a  narrow  tube  he  finds  so  con- 
stant that  he  recommends  this  mode  of  experimenting  as  a  good 
method  of  detectii^  the  volume  of  oxygen  in  a  given  quantity  of 
gas.  Take  a  given  volume  of  it,  and  let  up  into  it  a  given  volume 
of  deutoxide  of  azote.  Note  the  diminution  of  volume ;  7-19ths 
of  this  diminution  is  the  oxygen  required ;  so  that,  according  to 
this  ririe,  we  have  only  to  multiply  the  diminution  of  volume  by 
0*3684 ;  the  product  is  the  volume  of  oxygen  required. 

I  have  maae  a  great  many  trials  to  verify  these  conclusions  of 
Mr.  Dalton.  Indeed  I  adopted  his  mode  of  determining  the 
proportion  of  oxygen  in  mixed  gases  by  means  of  deutoxide  of 
a2ote  as  soon  as  I  became  acquainted  with  it ;  but  the  want  of 
coincidence  between  dififerent  trials,  though  nmde  in  precisely 
the  same  way,  led  m:e  at  last  to  doubt  its  precision,  and  to  make 
a  set  of  experiments  in  order  to  investigate  what  really  takes 
place.  I  found,  in  the  first  place,  that  the  results  did  not  vary 
sensibly,  whether  we  employed  glass  tubes  of  the  bore  0*3,  0*4, 
or  0*5  inch.  My  mode  of  proceeding  was  to  put  100  volumes  of 
common  air  into  a  graduated  tube,  and  to  let  up  into  it  100 
volumes  of  deutoxide  of  azote.  After  the  diminution  of  volume 
was  at  an  end,  I  noted  the  volume  of  residual  gas.  The  follow- 
ing table  exhibits  the  volun>e  of  residual  g^  in  six  successive 
experiments  made  in  this  way  in  a  tube  ofl>6  inch  in  diameter  : 

*  PliSL  Mftg;  nm.  S5l; 
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142 


1 


Tie 


The  mean  of  these  trials  gives  a  residue  of  141 -6  volumes, 
smallest  residue  was  138,  and  the  greatest  144. 

The  mean  volume  of  gas  which  disappeared  in  this  case  wai 
58'4.  Now  of  this,  21  volumes  were  oxygen  gas,  the  remaining 
37*4  volumes  must  have  been  deutoxide  of  azote  ;  so  that  the 
mean  of  these  experiments  gives  us  21  volumes  of  oxygen  UDit- 
ing  with  37'4  volumes  of  deutoxide  of  azote.  This  is  only  a  veiy 
little  greater  than  36  volumes^  the  quantity  assigned  by  Mr. 
Dalton.  The  extremes  in  the  experiments  are  : 
Volumei.  Volumes. 

21  oxygen  +  36  deutoxide  of  azote 

21  +41 

These  variations  are  so  great  that  I  was  induced  to  abandon 
Dalton'a  method  altogether.  I  find  that  a  tube  0'9  inch  in 
diameter  gives  much  more  correct  results.  When  we  employ  it, 
the  21  volumes  of  oxygen  just  unite  with  42  volumes  of  deutoi- ' 
ide  of  azote;  so  that  the  oxygen  is  obtained  by  dividing  the 
diminution  of  bulk  by  3.  It  is  obvious  that  36  volumes  of  deut-" 
oxide  of  azote  is  not  the  minimum  quantity  with  which  21 
volumes  of  oxygen  gas  are  capable  of  uniting.  The  minimum, 
instead  of  36,  is  in  reality  28  volumes.  1  have  obtained  a  dimi-' 
nutionnot  esceeding  51  volumes,  when  I  employed  very  narrow 
tubes ;  but  the  process  is  disagreeable,  and  not  nearly  so  accu- 
rate as  when  we  use  tubes  with  a  diameter  of  0-9  inch. 

When  we  mix  common  air  and  deutoxide  of  azote  in  a  com- 
mon tumbler  over  water,  the  results  are  pretty  uniform.  The' 
following  table  exhibits  the  volume  of  residual  gas  when  100| 
volumes  of  deutoxide  of  azote  were  let  up  into  lOO  volumes  of 
a  air  in  a  tumbler  about  three  inches  in  diameter : 


119 

119 
118 
118 
"118 
118 


In  these  experiments,  the  mean  diminution  of  bulk  i 


4 


,81}' 
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>lume8.    Of  these  21  were  oxygen ;  so  that  21  volumes  of 

iLygen  had  united  with  60*6  volumes  of  deutoxide  of  azote, 
his  differs  materially  from  72  volumes  which  Mr.  Dalton  states 
i  the  maximum  of  deutoxide  of  azote  which  unites  with  21 
>lumes  of  oxygen.  My  experiments  were  all  made  without 
^tatin^  the  vessels,  which  no  doubt  diminishes  the  portion  of 
eutoxide  of  azote  which  disappears  when  agitation  is  used.  My 
vaults  approach  very  nearly  to  one  volume  oxygen,  and  three 
>lumes  deutoxide  of  azote.     Such  a  compound  would  consist  of 

1*5  volumes  azotic, 
2'5  volumes  oxygen.  . 
"his  is  equivalent  to 

1  volume  azotic, 

If  volume  of  oxygen, 

rhich  is  the  same  as  1  atom  azote  +  Z^  atoms  oxygen.  This 
1  obviously  no  definite  compound,  though  it  approaches 
Lcarest  to  iiyponitrous  acid. 

A  very  great  number  of  experiments  which  I  have  made  upon 
hese  combinations  during  the  course  of  the  last  16  years  leave 
10  doubt  whatever  on  my  mind  that  both  Mr.  Dalton's  minimum 
ind  maximum  of  deutoxide  of  azote  are  inaccurate,  and  that  in 
ffeality  1  volume  of  oxygen  may  he  made  to  combine  with  1^,  2, 
Mid  4  volumes  of  deutoxide  of  azote,  producing  nitric  acid, 
ttitrous  acid,  and  hyponitrous  acid,  respectively.  The  two  gases 
can  combine  in  all  the  intermediate  proportions  between  these. 
Hence  the  great  variety  of  results,  and  the  apparently  capricious, 
nature  of  the  experiments,  that  have  for  so  many  years  attracted 
lie  attention  of  the  chemical  world. 


Article  II. 

1  Memoir  on  some  new  Modifications  of  Galvanic  Apparatus, 
with  Observations  in  Support  of  his  Theory  of  Galvanism, 
By  R.  Hare,  MD.  Professor  of  Chemistry  in  the  University  of 
Pennsylvania.  Communicated  by  the  Author.  (With  a  Plate.) 

I  HAD  observed  that  the  ignition  produced  by  one  or  two 
;alvanic  pairs  attained  its  highest  intensity,  almost  as  soon  as 
hey  were  covered  by  the  acid  used  to  excite  them,  and  ceased 
oon  afterwards ;  although  the  action  of  the  acid  should  have 
icreased  during  the  interim.  I  had  also  remarked  in  using  an 
pparatus  of  300  pairs  of  small  plates,  that  a  platina  wire.  No.  16, 
ilaced  in  the  circ^uit,  was  fused  in  consequence  of  a  construe- 
ion  which  enabled  me  to  plunge  them  all  nearly  at  the  same 
ime.     It  was,  therefore,  conceived,  that  the  maximum  of  effect 
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in  Voltaic  apparatus  of  extensive  series  had  never  been  attained. 
The  plates  are  generally  arranged  in  distinct  troughs,  rarely 
containing  more  than  20  pairs.  Those  of  the  great  apparatus  of 
the  Royal  Institution,  employed  by  Sir  H.  Davy,  had  only  10 
pairs  in  each.  There  were  100  such  to  be  successively  placed 
in  the  acid,  and  the  whole  connected  ere  the  poles  could  act 
Consequently  the  effect  which  arises  immediately  after  immer- 
sion would  be  lost  in  the  troughs  tirst  arranged,  before  it  could 
be  produced  in  the  last ;  and  no  effort  appears  to  have  bee^ 
mane  to  take  advantage  of  Ihis  transient  accumulation  of  power, 
either  in  using  that  magnificent  combination,  or  in  any  other 
of  which  I  have  read.  In  order  to  observe  the  consequence' of 
simultaneous  immersion  with  a  series  sufficiently  numerous  to 
test  the  correctness  of  my  expectations,  a  galvanic  apparatus  of 
80  concentric  coils  of  copper  and  zinc- was  so  suspended  by  a 
beam  and  levers  as  that  they  might  be  made  to  descend  into,  or 
rise  out  of,  the  acid  in  an  instant.  The  zinc  sheets  were  about 
nine  inches  by  six,  the  copper  fourteen  by  six ;  more  of  this  metal 
being  necessary,  as  in  every  coil  it  was  made  to  commence  within 
the  zinc,  and  completely  to  surround  it  without.  The  sheets 
were  coiled  so  as  not  to  leave  between  them  an  interstice  wider 
than  a  quarter  of  an  inch.  Each  coil  is  in  diameter  about  two 
inches  and  a  half,  so  that  all  may  descend  freely  into  80  glass 
jars  two  inches  and  three-quarters  diameter  inside,  and  eight 
inches  high,  duly  stationed  to  receive  them.* 

My  apparatus  being  thus  arranged,  two  small  lead  pipes  were  A 
severally  soldered  to  each  pole,  and  a  piece  of  charcoal  about  a    ] 
quarter  of  an  inch  thick,  and  an  inch  and  a  half  long,  tapering  a  J 
bttle  at  each  extremity,  had  these,  severally  inserted  into  the   i 
hollow  ends  of  the  pipes.    The  jars  being  furnished  with  diluted 
acid,  and  the  coils  suddenly  lowered  into  them,  no  vestige  of 
the  charcoal  could  be  seen.    It  was  ignited  so  intensely,  that  . 
those  portions  of  the  pipes  by  which  it  had  been  embraced  were'-'i^ 
destroyed.     In  order  to  avoid  a  useless  and  tiresome  repetition,'.^ 
I  will  here  state  that  the  coils  were  only  kept  in  the  acid  while  j 
the  action  at  the  poles  was  at  a  maximum  in  the  experiment  jusi;.- 
mentioned ;  and  in  others^  which  I  am  about  to  describe,  unless  ' 
where  the  decomposition  produced  by  water  is  spoken  of,  or  the 
sensation  excited  in  the  hands.     I  designate  the  apparatus  with 
which  I  performed  them  as  the  galvanic  deflagrator,  on  account 
of  its  superior  power,  in  pioportion  to  its  size,  in  causing  defla- 
gration ;  and  as,  in  the  form  last  adopted,  it  differs  from  the 
voltaic  pile  in  the  omission  of  one  of  the  elements  heretofore 
deemed  necessary  to  its  construction. 

Desirous  of  seeing  the  effect  of  the  simultaneous  immersion  of 
my  series  upon  water,  the  pipes  soldered  to  the  poles  were 
introduced  into  a  vessel  containing  that  fluid.    No  extraordinary 
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effect  was  perceived,  until  they  were  very  near,  when  a  vivid 
flash  was  observed,  and  happening  to  touch  almost  at  the  same 
time^  they  were  found  fused  and  incorporated  at  the  place  of 
contact.  I  next  soldered  to  each  pipe  a  brass  cylinder  of  about 
five-tenths  of  an  inch  bore.  These  cylinders  were  made  to 
receive  the  tapering  extremities  of  a  piece  of  charcoal  about  two 
inches  long,  so  as  to  complete  the  circuit.  The  submersion  of 
the  coils  caused  the  most  vivid  ignition  in  the  coal.  It  was 
instantaneously  and  entirely  on  fire.  A  piece  of  platina  of  about, 
a  quarter  of  an  inch  diameter  in  connexion  with  one  pole,  was 
instantly  fused  at  the  end  on  being  brought  in  contact  with  some 
mercury  communicating  with  the  other.  When  two  cylinders 
of  <5harcoal,  having  liemispherical  terminations,  were  fitted  into 
the  brass  cylinders  and  brought  nearly  into  contact,  a  most  vivid 
ignition  took  place,  and  continued  after  they  were  removed  about 
a  half  or  three  quarters  of  an  inch  apart,  the  interval  rivalling  the 
sun  in  brilUancy.  The  igneous  fluid  appeared  to  proceed  from 
the  positive  side.  The  charcoal  in  the  cylinder  soldered  to  the 
latter,  would  be  intensely  ignited  throughout,  when  the  piece 
connected  with  the  negative  pole  was  ignited  more  towards  the 
extremity  approaching  the  positive.  Ihe  most  intense  action 
seems  to  arise  from  placing  a  platina  wire  of  about  the  eighth  of 
an  inch  diameter,  in  connexion  with  the  positive  pole,  and 
bringing  it  in  contact  with,  and  afterwards  removing  it  a  small 
distance  apart  from,  a  piece  of  charcoal  (fresh  from  the  fire) 
a£Sixed  to  the  other  pole. 

As  points  are  pre-eminently  capable  of  carrying  off  (without 
being  injured)  a  current  of  the  electrical  fluid,  and  very  ill  quali- 
fied to  conduct  caloric  ;  while,  by  facilitating  radiation,  charcoal 
favours  the  separation  of  caloric  from  the  electricity  which  does, 
not  radiate ;  this  result  seems  consistent  with  my  hypothesis, 
that  the  fluid  as  extricated  by  Volta's  pile  is  a  compound  of 
caloric  and  electricity ;  *  but  not  with  the  other  hypothesis, 

*  According  to  the  theory  here  aUuded  to,  the  galvanic  fluid  owes  its  properties  to 
caloiric  and  electricity,  the  rormer  predominating  in  pro^rtiou  to  the  siie  of  the  pairs, 
the  latter  in  proportion  to  the  numher,  heing  in  both  cases  excited  by  a  powerful  add. 
Hence  in  batteries  which  combine  both  qualifications  suffidenUy,  as  in  all  those  inter* 
Tening  between  Children's  large  pairs  of  two  feet  eight  inches  by  six  feet,  and  die  200O 
four-inch  pairs  of  the  Royal  Institution,  the  phenomena  indicate  the  presence  of  both 
flnids.  In  De  Luc's  column,  where  the  size  of  the  pairs  is  insignificant,  and  the  energy 
of  interposed  agents  feeble,  we  see  electricity  evolved  without  any  appreciable  quanti1;y 
of  caloric.  Jn  the  calorimptor  where  we  have  size  only,  the  number  being  the  lowest 
possible,  we  are  scarcely  able  to  detect  the  presence  of  electricity. 

When  the  fluid  contains  enough  electricity  to  give  a  projectile  power  adequate  to  paw 
through  a  small  space  in  the  air,  or  through  charooal,  which  impedes  or  arrests  the  cak>- 
ric,  and  favours  its  propensity  to  radiate,  this  principal  heat  is  evolved.  This  accounts 
for  the  evolution  of  intense  heat  under  those  circumstances  which  rarifies  the  air,  so  that 
the  length  of  the  jet  from  one  pole  to  the  other  may  be  extended  after  its  commence- 
ment. Hence  the  portions  of  the  circuit  nearest  to  the  intervening  charcoal,  or  heated 
space,  are  alone  injured ;  and  even  non^oondacting  bodies,  as  quakz,  introduced  intoit 
are  fused,  and  hence  a  very  lai^e  wire  may  be  melted  by  the  fluid,  received  through  a 
small  wire  imperceptibly  affected. 

See  Sillunan's  Journal,  No.  6,  vol. !.;  Thomaoiv'tt  Annals,  S«^\.,  \%VQ\  T^aaR3o:% 
PbUosopbical  Magaane,  Cki^  l%\9. 
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which  supposes  it  to  be  electricity  alone.  The  tinest  needle  is 
competent  to  discharge  the  product  of  the  most  powerful  mac  hioes 
without  detriment,  if  received  gradually  as  generated  by  them. 
Platina  points,  as  small  as  those  which  were  melted  hke  wax  in 
my  experiments,  are  used  as  tips  to  lightenins:  rods  without 
injury,  unless  in  sudden  dischai^es  produced  under  pecuLar 
circumstance  s  .* 

The  following  experiment  I  conceive  to  be  very  unfavourable 
to  the  idea  that  galvanic  ignition  arises  from  a  current  of  elec- 
tricity. 

A  cylinder  of  lead,  of  about  a  quarter  of  an  inch  diameter,  and 
about  two  inches  long,  was  reduced  to  the  thickness  of  a  com- 
mon brass  pin  for  about  three-quarters  of  an  inch.  When  one 
end  was  connected  with  one  pole  of  the  apparatus,  the  other 
remained  suspended  by  this  filament;  yet  it  was  instanta- 
neously fused  by  contact  with  the  other  pole.  As  all  the  calo- 
rific fluid  which  acted  upon  the  suspended  knob  must  have 
passed  through  the  filament  by  which  it  hung,  the  fusion  could  ■ 
not  have  resulted  from  a  pure  electrical  current,  which  would 
have  dispersed  the  filament  ere  a  mass  60  times  larger  had  been 
perceptibly  affected.  According  to  my  theory,  caloric  is  not 
separated  from  the  electricity  until  circumstances  very  much 
favour  a  disunion,  as  on  the  passage  of  the  compound  fluid 
through  charcoal,  the  air,  or  a  vacuum.  In  operating  with  the 
deflagrator,  I  have  found  a  brass  knob  of  about  five-tenths  of 
an  inch  in  diameter,  to  bum  on  the  superficies  only;  where 
alone,  according  to  my  view,  caloric  is  separated  so  as  to  acton 
the  mass.  Having,  as  mentioned  in  the  memoir  on  ray  theory  of 
galvanism,  found  that  four  galvanic  surfaces  acted  well  in  one 
recipient,  I  was  tempted,  by  means  of  the  80  coils,  to  extend 
that  construction.  It  occnned  to  me  that  attempts  of  this  kind 
had  failed  from  using  only  one  copper  for  each  zmc  plate.  The 
zinc  had  always  been  permitted  to  react  towards  the  negative  as 
well  as  the  positive  pole.  My  coils  being  surromided  by  copper,  ' 
it  seemed  probable,  that  if  electro-caloric  were,  as  I  "had  sug- 
gested, carried  forward  by  circulation  arising  from  galvanic  pola^ 
rity,  this  might  act  withm  the  interior  of  the  coils,  yet  not  be 
exerted  between  one  coil  and  another. 

I  had  accordingly  a  trough  constructed  with  a  partition  along 
the  middle,  so  as  to  receive  40  coils  on  one  side,  and  a  like  num- 
ber on  the  other.  This  apparatus,  when  in  operation,  excited  a 
scOBation  scarcely  tolerable  in  the  backs  of  the  hands.  Inter- 
posed charcoal  was  not  ignited  as  easily  as  before,  but  a  most 
intense  ignition  took  place  on  bringing  a  metallic  point  connected 
<mth  one  pole  of  the  series  into  contact  with  a  piece  of  charcoal 
fttlened  to  the  other.  It  did  not  take  place,  however,  so  spee- 
^  BB  when  glasses  were  used ;  but  soon  after  the  ignition  was 
^fyattd,  it  became  even  more  powerful  than  before.     A  cyUnder 

•   See  Adam&'atVcWid'^-.ott'BiJiW*. 
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of  platina  nearly  a  quarter  of  an  inch  in  diameter,  tapering  a 
little  at  the  end,  was  fused  and  burned  bo  as  to  sparkle  to  a  con- 
siderable distance  around,  and  fall,  in  drops.    A  oall  of  brass  of 
about  half  an  inch  diameter  was  seen  to  bum  on  its  surface  with 
a  green  ilame.    Tin  foil,  or  tinsel,  rolled  up  into  large  coils  of 
about  three-quarters  of  an  inch  thick,  were  rapidly  destroyed,  as 
was  a  mre  of  qplatina  of  No.  16.    Platina  wires  in  connexion 
with  the  poles  were  brought  into  contact  with  sulphuric  acid; 
there  was  an  appearance  of  lively  ignition,  but  strongest  on  the 
positive  side.     Excepting  in  its  power  of  permeating  charcoal^ 
the  galvanic  fluid  seemed  to  be  extricated  with  as  much  force 
as  wnen  each  coil  was  in  a  distinct  glass.     Apprehending  that 
the  partition  in  the  trough  did  not  sufficiently  insulate  the  poles 
from  each  other,  as  they  were  biit  a  few  inches  apart,  moisture 
or  moistened  wood  intervening,  I  had  two  troughs  made;  each  to 
hold  40  pairs,  and  took  care  that  there  should  be  a  dry  space 
about  four  inches  broad  between  them.    They  were  first  filled 
with  pure  river  water,  there  being  no  saline  nor  acid  matter  to 
influence  the  plates,  unless  the   very   minute  quantity  which 
might  have  remained  on  them  from  former  immersions.    Yet  the 
sensation  produced  by  them  on  the  backs  of  my  hands  was 
painful,  and  a  lively  scmtillation  took  place  when  the  poles  were 
approximated.  Dutch  gold  leaf  was  not  sensibly  burned,  though 
water  was  found  decomposible  by  wires  properly  afiixed.     No 
efiect  was  produced  on  potash,  the  heat  being  inadequate  to 
fuse  it. 

A  mixture  of  nitre  and  sulphuric  acid  was  next  added  to  the 
water,  in  th^  troughs,  afterwards  charcoal  from  the  fire  was 
vividly  ignited,  and  when  attached  to  the  positive  pole  a  steel 
wire  was  interposed  between  it  and  the  other  pole,  the  most 
vivid  ignition  which  I  ever  saw  was  induced.  I  should  deem  it 
imprudent  to  repeat  the  experiment  without  glasses,  as  my  eyes, 
though  unusually  strong,  were  aff*ected  for  48  hours  afterwards. 
If  the  intensity  of  the  hght  did  not  produce  an  optical  deception 
by  its  distressmg  influence  upon  the  organs  of  vision,  the  char- 
coal assumed  a  pasty  consistence,  as  if  in  a  state  approaching 
to  fusion.  That  charcoal  should  be  thus  softened,  without  being 
destroyed  by  the  oxygen  of  the  atmosphere,  will  not  appear 
strange,  when  the  power  of  galvanism  in  reversing  chemical  affi- 
nities is  remembered ;  and  were  it  otherwise,  the  air  could  have 
no  access;  firet,  because  of  the  excessive 'rarefaction,  and  in  the 
next  place,  as  I  suspect,  on  account  of  the  volatilization  of  the 
carbon  forming  about  it  a  circumambient  atmosphere.  This 
last  mentioned  impression  arose  from  observing  that,  when  the 
experiment  was  performed  in  vacuo,  there  was  a  lively  scintilla- 
tion, as  if  the  carbon  in  an  aeriform  state  acted  as  a  supporter  of 
combustion  on  the  metal. 

A  wire  of  platina  (No.  16)  was  fused  into  a  gjLobule  owb^v^s^ 
connected  with  the  positive  pole,  and  btou^X.  m\.o  cQi:w\a.^\.  "wm^ 
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a  piece  of  pure  hydrate  of  potash,  situated  oo  a  silver  tr^JC 
connexion  with  tne  otiier  pole.  Tile  potash  became  red-bd^ 
and  was  deflagrated  rapidly  with  a  flame  haviog  the  rosy  huei  ' 
potassureltedtiydi'ogeii. 

The  great  apparatus  of  the  Royal  lustitution,  in  project 
power,  was  from  six  to  eight  times  more  potent  than  mine.  % 
produced  a  discharge  between  charcoal  points  when  reniortfl 
about  four  inches  apart,  whereas  mine  will  not  produce  a  jetti 
more  than  three-fourths  of  aa  inch.  But  that  was  a  series  rf 
2000  pairs  ;  mine  is  only  about  a  twenty-fifth  part  as  large. 

A  steel  wire  of  about  one-tenth  of  an  inch  iu  diameter  affixed 
to  the  negative  pole  was  passed  up  through  the  axis  of  an  opat 
necked  inverted  bell  glass  filled  with  water.  A  platina  wxt, 
No.  16,  attached  to  a  positive  pole,  being  passed  down  to  tbe 
steel  wire,  both  were  fused  together,  and  cooling,  could  notbe 
separated  by  manual  force.  Immediately  after  this  incorpora- 
tion of  their  extremities,  the  platina  wire  became  IncandeBcent 
for  a  space  of  some  inches  above  the  surface  of  the  water. 

A  piece  of  silvered  paper,  about  two  inches  square,  WB 
folded  lip,  the  metaUic  surface  outward,  and  fastened  into  vioas 
affixed  to  the  poles.  Into  each  vice  a  wire  was  screwed  at  die 
same  time.  The  fluid  generated  by  the  apparatus  was  not  pw- 
ceptibly  conveyed  by  the  silvered  paper,  as  it  did  not  prevuit  Ae 
wires  severally -attached  to  the  poles  from  decomposing  water,0C 
producing  ignition  by  contact. 

In  my  memoir  on  my  theory  of  "alvanism,  I  suggested  tfatt. 
the  decomposition  of  water,  which  VVollaston  effected  by  mecha' 
nical  electricity,  might  not  be  the  effect  of  divellent  attractiMi 
'^ke  those  excited  by  the  poles  of  a  voltaic  pile,  but  of  a  mechA^ 
nical  concussiou,  as  when  wires  are  dispersed  by  the  discharge 
of  an  electrical  battery.  In  support  of  that  opinion,  1  will  noir 
observe,  that  he  could  not  prevent  hydrogen  and  oxygen  froB 
being  extricated  at  each  wire,  instead  of  hydrogen  being  given 
off  only  at  one,  and  oxygen  at  the  other,  as  is  invariably  Ab 
case  when  the  voltaic  pile  is  employed.  That  learned  and  inge*- 
nious  philosopher,  in  concluding  his  account  of  this  celebrated 
experiment,  says,  "  but  in  fact  the  resemblance  is  not  complete 
for  in  every  way  in  which  1  have  tried  it,  1  observed  each  wiW' 
gave  out  both  oxygen  and  hydrogen  gas,  instead  of  their  beiBg 
formed  separately  as  by  the  electric  pde," 

Is  it  not  reasonable  t«  suppose  that  an  electrical  shock  mfij 
dissipate  any  body  into  its  elementary  atoms,  whether  simple  or 
compound,  so  that  no  two  particles  would  be  left  together  whidt 
can  be  separated  by  physical  means. 

Looking  over  Suiger's  Electricity,  a  recent  and  most  able 
modem  publication,  I  find  that  in  the  explosion  of  brass  wire  tar 
an  electrical  battery,  the  copper  and  zinc  actually  separated. 
He  says,  page  186,  "  Brass  wire  is  sometimes  decomposed  by 
the  charge ;  the  copper  and  zinc  of  which  it  is  formed  being 
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separated  from  each   other,   and   appearing  in  their  distinct 
metallic  colours."     In  the  next  page  of  the  same  work,  I  find 
that  the  oxides  of  mercury  and  tin  are  reduced  by  electrical  dis- 
charges.   "  Introduce/'  says  the  author,  **  some  oxide  of  tm 
into  a  glass  tube,  so  that  when  the  tube  is  laid  horizontal,  the 
oxide  may  cover  about  half  an  inch  of  its  lower  internal  surface. 
Place  the  tube  on  the  table  of  the  universal  discharger,  and 
introduce  the  pointed  wires  into  its  opposite  ends,  that  the  por- 
-tion  of  oxide  may  lay   between  them.      Pass   several  strong 
charges  in  succession  through  the  tube,  replacing  the  oxide  in 
.its  situation,  should  it  be  dispersed.     If  the  charges  are  suffi- 
ciently powerful,  a  part  of  the  tube  will  soon  be  stained  with 
metallic  tin  which  has  been  revived  by  ihe  action  of  transmitted 
./electricity."     It  cannot  be  alleged  that  in  such  decompositions 
;die  diveUent  polar  attractions  are  exercised  like   those  which 
,  characterize  the  action  of  wire  proceeding  from  the  poles  of  a 
-voltaic  apparatus.     The  particles  were  dfspersed  from,  instead 
of  being  attracted  to  the  wires,  by  which  the  influence  was  con- 
veyed among  them.     This  being  undeniable,  it  can  hardly  be 
-ndvanced  that  we  are  to  have  one  mode  of  explaining  the  sepa- 
ration of  the  elements  of  brass  by  an  electrical  discharge,  ano- 
'.tiier  of  explaining  the  separation  of  the  elements  of  water  by  the 
:Mme  agent*     One  rationale  when  oxygen  is  liberated  from  tin, 
mubA  another  when  liberated  by  like  means  from  hydrogen.     In 
the  experiment  in  which  copper  was  precipitated  by  the  same 
.philosopher  at  the  negative  pole,  we  are  not  informed  whether 
.the  oxygen  and  acid  in  union  with  it  were  attracted  to  the  other, 
.'aad  the  changes  produced  in  htmus  are  mentioned  not  as  simol- 
^taaeous,  but  successive^  The  violet  and  red  rays  of  the  spectrum 
-have  an  opposite  chemical  influence  in  some  degree  like  that  ^ 
.voltaic  poles,  but  this  has  not  led  to  the  conclusion  that  the 
cause  of  galvanism  and  light  is  the  same.     Besides  admitting 
vihat  the  feeble  results  obtained  by  WoUaston  and  Van  Marum 
with  electrical  machines  are  perfectly  analogous  to  those  ob- 
tc^ned  by  the  galvanic  pile,  ere  it  can  become  an  objection  to 
<:my  hypothesis,  it  ought  first  to  be  shown  that  the  union  between 
caloric  and  electricity,  which  I  suppose  productive  of  galvanic 
yjienomena,  cannot  be  produced  by  that  very  process.     If  they 
combine. to  form  the  galvanic  fluid  when  extricated  by  ordinary 

falvanic  action,  they  must  have  an  affinity  for  each  other.  As 
have  suggested  in  my  memoir,  when  electricity  enters  the 
;  pores  of  a  metal,  it  may  unite  with  its  caloric.  In  Wollaston's 
experiments,  being  constrained  to  enter  the  metal,  it  may  com- 
bine with  enough  of  its  caloric  to  produce,  when  emitted,  results 
slightly  approaching  to  those  of  a  fluid  in  which  caloric  exists  in 
greater  proportion. 

But  once  more  I  demand  why,  if  mechanical  electricity  be 
too  intense  to  produce  galvanic  phenomena,  should  it  be  ren- 
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dered  more  capable  of  producing  them  by  beiDg  still  mon 
concentrated. 

If  the  one  be  generated  more  copiously,  the  other  more 
intensely,  the  first  will  move  in  a  large  stream  slowly,  the  lastin 
a  small  stream  rapidly.  Yet,  by  narrowing  the  cha.-.nel  of  the 
latter,  Wollaston  is  supposed  to  render  it  more  like  the  former; 
that  is,  produces  a  resemblance  by  increasing  the  supposed 
source  of  dissimilarity. 

It  has  been  imagined  that  the  beneficial  effect  of  his  contri- 
vance arises  from  the  production  of  a  continued  Etream,  instead 
of  a  succession  of  sparks  ;  but  if  a  continued  stream  were  the 
only  desideratum,  a  point  placed  near  the  conductor  of  a  power- 
ful machine  would  afford  this  requisite,  as  the  whole  product 
may  in  such  cases  be  conveyed  by  a  sowing  needle  in  a  stream 
perfectly  continuous.  As  yet  no  adecjuate  reasons  have  been 
given  wny,  in  operating  with  the  pile,  it  is  not  necessary,  as  in 
the  processes  of  Van  Marum  and  Wollaston,  to  enclose  the  wires 
in  glass  or  sealing  wax,  in  order  to  make  the  electricity  emanata 
from  a  point  within  a  conducting  fluid.  The  absence  of  this 
necessity  is  accounted  for,  according  to  my  hypothesis,  by  tie 
indisposition  which  the  electric  fiuid  has  to  quit  the  caloric  Id 
union  with  it,  and  the  almost  absolute  incapacity  which  caloric 
has  to  pass  through  fluids  unless  by  circulation.  I  conceive  that 
in  galvanic  combmations,  electro-caloric  may  circulate  through 
the  fluid  from  the  positive  to  the  negative  surface,  and  through 
the  metal  from  the  negative  to  the  positive.  In  the  one  case 
caloric  subdues  the  disposition  which  electricity  has  to  diSuse 
itself  through  fluids,  and  curries  it  into  circulation.  In  the  other, 
as  metals  are  excellent  conductors  of  caloric,  the  prodigious 
power  which  electricity  has  to  pervade  them  agreeaoly  to  any 
attractions  which  it  may  exercise,  operates  almost  without 
restraint.  This  is  fully  exempbtied  in  my  galvanic  deBagrab^ 
where  HO  pairs  are  suspended  in  two  recipients,  40  successiv^ 
in  each,  and  yet  decompose  potash  with  the  utmost  rapidi^ 
and  produce  an  almost  intolerable  sensation  *  when  exciCSK 
only  by  fresh  river  water.  1  have  already  observed  that  tiM^ 
reason  why  galvanic  apparatus,  composed  of  pairs  consistiitr 
each  of  one  copper  and  one  zinc  plate,  have  not  acted  well  wiAf 
out  insulation -f  was  because  electro-caloric  could  retrocede  iS 
the  negative  as  well  as  advance  in  the  positive  direction.  I  wfl- 
now  add  that,  independently  oi'  the  greater  effect  produced  W, 
the  simultaneous  immersion  of  my  80  coils,  their  power  M; 
improved  by  the  proximity  of  the  surfaces,  which  are  only  aboitf 

*  1  do  not  ESf  sliock,  as  it  ia  moic  like  (he  permaacnt  impcE^on  of  a  pDuited  win; 
and  when  an  acid  is  used,  of  ahntone. 

+  That  h,  with  the  same  maaa  of  conductiog  fluid,  in  contact  with  all  the  nu&Mt ' 
instead  o(  being  divided  into  difTerent  poitiotm,  each  rtstricted  in  iu  actioa  to  one  camK' 
and  one  mtc  j>Iate. 
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three-sixteenths  of  an  inch  asunder ;  so  that  the  circulation  may 
go  on  more  rapidly. 

Pursuant  to  the  doctrine^  "which  supposes  the  same  quantity 
of  electricity,  varying  in  intensity  in  the  ratio  of  the  number  of 
.pairs  to  the  quantity  of  surface,  to  be  the  sole  a^nt  in  galvanic 
Ignition/  the  electrical  fluid  as  evolved  by  Sir  H.  Davy's  great 

Sile  must  have  been  nearly  two  thousand  times  more  intense 
lan  as  evolved  by  a  single  pair,  yet  it  gave  sparks  at  no  greater 
distance  than  the  thirtiem  or  fortieth  of  an  inch.  The  intensity 
of  the  fluid  must  be  at  least  a^  much  greater  in  one  instance 
than  in  another,  as  the  sparks  produced  by  it  are  longer.  A  fine 
electrical  plate  machine,  of  32  inches  diameter,  will  ^ve  sparks 
at  10  inches.  Of  course  the  intensity  of  the  fluid  which  it  emits, 
must  be  300  times  greater  than  that  emitted  by  2000  pairs, 
l^e  intensity  produced  by.a  single  pair  must  be  2000  times  less 
than  that. produced  by  the  great  pile;  and,  of  course,  600,000 
times  less  than  that  produced  by  a  good  electrical  plate  of  32 
inches.  Yet  a  single  pair,  of  about  a  square  foot  in  area,  will 
certainly  deflagrate  more  wire  than  a  like  extent  of  coated  sur- 
face chained  by  such  a  plate.  According  to  Singer,  it  requires 
about  160  square  inches  of  coated  glass,  to  destroy  watch  pen-- 
dulum  wire ;  a  larger  wire  may  be  burned  off  by  a  galvanic 
battery  of  a  foot  square.  But  agreeably  to  the  hypothesis  in 
dispute,  it  compensates  by  quantity  for  the  want  of  intensity. 
Hence  the  quantity  of  fluid  in  the  pair  is  600,000  times  greater, 
while  its  intensity  is  600,000  times  less ;  and  vice  versa  of  the 
coated  surface.  Is  not  this  absurd  ?  What  does  intensity  mean 
as  applied  to  a  fluid  ?  Is  it  not  expressed  by  the  ratio  of  quantity 
to  space?  If  there  be  twice  as  much  electricity  within  one  cubic 
inch,  as  within  another,  is  there  not  twice  the  intensity  ?  But 
the  one  acts  suddenly,  it  may  be  said ;  the  other  slowly.  But 
whence  this  difference  ?  They  may  both  have  exactly  the  same 
surface  to  exist  in.  The  same  zinc  and  copper  plates  may  be 
used  for  coatings  first,  and  a  galvanic  pair  afterwards.  Let  it 
be  said,  as  it  may  in  truth,  that  the  charge  is,  in  the  one  case, 
attached  to  the  glass  superficies  ;  in  the  omer,  exists  in  the  pores 
cf  the  metal.  But  why  does  it  avoid  these  pores  in  one  case, 
and  reside  in  them  in  the  other  ?  What  else  resides  in  the  pores 
of  the  metal  which  may  be  forced  out  by  percussion?  Is  it  not 
caloric?  Possibly,  unless  under  constraint,  or  circumstances 
favourable  to  a  union  between  this  principle  and  electricity,  the 
latter  cannot  enter  the  metallic  pores  beyond  a  certain  degree  of 
saturation ;  and  hence  an  electrical  charge  does  not  reside  in  the 
metallic  coatings  of  a  Leyden  phial,  though  it  fuses  the  wire 
which  forms  a  circuit  between  them. 

It  is  admitted  that  the  action  of  the  galvanic  fluid  is  upon,  or 
between,  atoms ;  while  mechanical  electricity,  when  uncoerced, 
acts  only  upon  masses.    This  difference  has  not  been  explained 
tmless  by  my  hypothesis,  in  which  caloric^  ot  Yj\i\c\i>iXi^\TS!L^^ 
JVeti^  Series,  YOh,  i.  Y 
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ia  oaly  exerted  between  atoms,  is  supposed  to  be  a  priiiciw 
agpnt  in  galvanism.  Nor  has  any  other  reason  been  given  tni 
■water,  which  dissipates  pure  electricity,  should  cau^e  the  galvs 
"nic  fluid  to  accumulate.  From  the  prodigious  effect  which  mm^ 
air,  or  a  raoist  surface,  has  in  paralysing  the  most  elBcieiH 
machines,  I  am  led  to  suppose,  that  the  conducting  power  d 
moisture  so  situated  is  greater  than  that  of  water  under  its  sur- 
face. The  power  of  this  fluid  to  conduct  mechanical  electricirt 
is  unfairly  contrasted  with  that  of  a  metal,  wheu  the  former  B 
enclosed  in  a  glass  tube,  the  latter  hare. 

According  to  Singer,  the  electrical  accumulation- is  as  grej| 
■when  water  is  used  as  wheu  more  powerful  menstrua  a?? 
employed  ■  but  the  power  of  ignition  is  wanting  until  these  aie 
resorted  to,  De  Luc  showed,  by  his  ingenious  dissections  <» 
the  pile,  that  electricity  might  he  produced  without,  or  wW 
chemical  power.  The  rationale  of  these  differences  nererhif 
been  given,  unless  by  my  theory,  which  supposes  caloric  to  ^ 
present  in  the  one  case,  but  not  in  the  other.  The  electa; 
column  was  the  fruit  of  De  Luc's  sagacious  inquiries,  ao^ 
afforded  a  beautiful  and  incontrovertible  support  to  the  objefr' 
lions  he  made  to  the  idea,  that  the  galvanic  fluid  is  pure  electiip 
city,  when  extricated  by  the  voltaic  pile  in  its  usual  form,  B; 
showed  that  a  pile  really  producing  pure  electricity  is  devoid  <^ 
the  chemical  power  of  galvanism. 

We  are  informed  by  Sir  IL  Davy  that,  when  charcoal  poiii 
in  counection  with  the  poles  of  the  magnificent  apparatus  v'i 
which  he  operated,  were  first  brought  nearly  into  contact,  at 
then  withdrawn  four  inches  apart,  there  was  a  heated  W 
formed  between  them,  in  which  such  non-conducting  substanci 
as  quartz  were  fused.  I  believe  it  impossible  to  fuse  ekctrji 
by  mechanical  electricity.  If  opposing  its  passage,  they  nuj 
be  broken,  aud  if  conductors  near  them  be  ignited,  they  may  S 
acted  on  by  those  ignited  conductors  as  if  otherwise  heated;  bt 
I  will  venture  to  predict,  that  the  slightest  glass  fibre  will  n( 
enter  into  fusion  by  being  placed  in  a  current  from  the  larga 
machine,  or  electrical  battery.  , 

1  am  induced  to  believe  that  we  must  consider  light,  as  wd|l 
as  heat,  an  ingredient  in  the  galvanic  fluid  ;  and  think  it  po^ 
sible,  that,  being  necessary  to  vitality  in  animals,  as  well  » 
vegetables,  the  electric  fluid  may  be  the  vehicle  of  its  distifc^ 
bution. 

I  will  take  this  opportunity  of  stating,  that  the  heat  evolv( 
by  one  galvanic  pair  has  been  found,  by  the  experiments  whi( 
I  instituted,  to  increase  in  quantity,  hut  to  diminish  in  intensit 
as  the  size  of  the  surfaces  may  be  enlarged.  A  pair  contaioioi' 
about  50  square  feet  of  each  metal  will  not  fuse  plafina,  nw 
deflagrate  ii^on,  however  small  may  be  the  wire  employed;  fK 
the  heat  produced  in  metallic  wires  is  not  improved  by  a  reduo- 
ijoaia  their  size  beyond  a  certam  wVaX,.    Xg.^'tke.xtt.etals  aboi'fr 


1821.]    Dr.  Hare's  new  Galvanic  Apparatus^  Theory ^  ^c,    339 

mentioned  are  easily  fused  or  deflagrated  by  smaller  pairs^ 
which  would  have  no  perceptible  influenceN  on  masses  that 
might  be  sensibly  ignitecl  by  larger  pairs.  These  characteristics 
were  fully  demonstrated^  not  only  by  my  own  apparatus,  but  by 
those  constructed  by  Messrs.  wetherill  and  Peale,  and  whica 
were  larger,  but  less  capable  of  exciting  intense  ignition.  Mr.- 
Peale's  apparatus  contained  nearly  70  square  feet,  Mr.  Wethe- 
riirs  nearly  100,  in  the  form  of  concentric  coils,  yet  neither  could 
produce  a  heat  above  redness  on  the  smallest  wires.  At  my 
suggestion,  Mr.  Peale  separated  the  two  surfaces  in  his  coils  into 
four  alternating,  constituting  two  galvanic  pairs  into  one  reci- 
pient. Iron  wire  was  then  easily  burned,  and  platina  fused  by  it. 
These  facts,  together  with  the  incapacity  of  the  calorific  fluid 
extricated  by  the  calorimeter  to  permeate  charcoal,  next  to 
metals,  the  best  electrical  conductor,  must  sanction  the  position 
I  assigned  to  it  as  being  in  the  opposite  extreme  from  the 
.columns  of  De  Luc  and  Zamboni.  For,  as  in  these,  the  pheno^ 
mena  are  such  as  are  characteristic  of  pure  electricity,  so  in  one 
very  large  galvanic  pair,  they  almost  exclusively  demonstrate  the 
agency  of  pure  caloric. 


P.  S.  Since  writing  the  above,  I  have  endeavoured  in  every 
mode  which  I  could  devise  to  ignite  charcoal  by  electricity. 
Exposed  to  the  discharge  of  a  powerful  battery  in  pieces  taper- 
ing to  a  point,  in  a  glass  tube,  in  thin  strips,  and  in  powder,  by 
means  of  the  glass  usually  employed  for  inflaming  ether,  it  was 
either  uninfluenced,  or  merely  dispersed,  without  the  smallest 
symptom  of  ignition,  or  even  of  increased  warmth.  Yet  fulmi- 
nating mercury  was  flashed  by  the  discharge,  under  the  satne 
circumstances  as  those  in  which  the  powdered  charcoal  had  been 
subjected  to  it.  The  result,  therefore,  was  such  a&  might  be 
expected  from  a  "  mechanical  concussion,''  Pointed  wires  were 
covered  with  spermaceti,  and  exposed  to  a  current  from  a  fine 
plate  machine  of  32  inches  diameter ;  yet  no  sign  of  fusion 
appeared.  Nor  was  a  differential  thermometer  filled  with  ether, 
according  to  Dr.  Howard's  sagacious  plan,  affected  sensibly, 
though  the  warmth  of  a  finger  applied  to  the  bulb  caused  the 
fluid  in  the  stem  to  move  nearly  a  foot. 

I  mentioned  in  the  memoir,  p.  332,  that  when  a  knob  of  lead 
suspended  by  a  filament  to  one  of  the  poles  of  my  deflagrator 
was  made  to  touch  the  other  pole  of  the  same  instrument,  the 
knob  was  fused,  the  filament  uninjured.  I  find  the  reverse  is 
the  case,  when  a  knob  suspended  by  a  filament  is  made  the 
medium  of  discharging  an  electrical  battery. ,  The  filament  is 
destroyed,  the  knop  remains  unchanged.  It  must  be  evident, 
therefore,  that  galvanic  and  electrical  ignition  are  extremely 
discordant  in  their  characteristics. 

Jt  is  siao  mentioned  in  the  memoit  tWt  a.  ^vftce  oS^  «{ssc» 

y2 
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paper,  two  indies  square,  proved  inadequate  to  discharge  i^ 

galvanic  apparatus  of  coils,  yet  at  a  distance  70  times  greateij' 
a  strip  of  the  same  paper,  one-third  of  an  inch  wide,  and  20 
inches  long,  caused  ao  instantaneous  discharge  ol'  the  electric^ 
battery. 


Article  III. 


A  Mnthematlcal  Liijniri/  into  the  Causes,  Laws,  and  princml 
Fhanomata  of  Heal,  Gases,  Gravitation,  ijC.  By  John  He- 
rap  ath,  Esq.  "(InaLetterto  D. Gilbert,  Esq,  MP.  VPRS.&o.) 

(C™iifl»rJ/™mp.  893.) 

Of  tur  Lams  of  Gaseous  Bohies. 
De/initio7is. 

Def.  1. — The  homogeneity  ofagasis  the  perfect  equality  of  i|s 
atoms,  or  particles,  throughout,  in  quantity  of  matter.  It  is  of 
no  consequence  whether  the  atoms  are  simitar  in  tigare  or  not; 
their  figures  might  be  very  diffR.rent,  provided,  however,  tke 
quantity  of  solid  matter  in  each  is  the  same. 

DeJ'.  2. — Density  is  the  quantity  of  matter  in  a  given  space, 
when  the  atoms,  or  particles,  whatever  be  their  relative  wssfi- 
tudes,  are  uniformly  disposed  in  the  medium. 

Cor.  1. — The  mean  density  of  any  body  ii3,  therefore,  propoi- 
tional  to  the  whole  quantity  of  matter,  divided  by  the  whole  bitik, 
or  magnitude  of  the  body. 

Cor.  2. — In  a  homogeneous  body,  the  density  is  equal  to  tke 
mass  of  an  atom  drawn  into  the  number  contamed  in  a  givV 
space.  , 

Def.  3. — Numeratom  is  a  term  I  have  employed  to  exprav> 
the  number  of  atoms,  or  particles,  distributed  throughout  a  gi«^ 
space,  without  respect  to  the  density  or  homogeneity  of  t,^ 
body.  I 

Cor. — Hence  the  numeratom  of  a  homogeneous  body  la  f^ 
portional  to  the  density  directly,  and  the  mass  of  a  particle,  tf 
atom,  inversely. 

This  conclusion  might  also  have  been  drawn  from  Cor.  2  gf 
the  preceding  definition. 

Def.  4. — 'fhe  elasticity  of  a  gas  is  the  force  with  which  it 
endeavours  to  expand  itself,  or  with  which  it  resists  comprtj^ 
sion;  and  is  estimated  by  the  amount  of  its  action  agaij^. 
similar  and  equal  portions  of  the  containing  bodies. 

General  Considerations  on  Forte  and  the  CoNBTixi- 
TioN  OF  Gaseous  Bodies. 
Force  is  the  cause  of  any  change,  or  is  that  power,  by  wbiift 
^^e  change  is  produced,     W,  iVetefoTQ,  B.Voi^  Nie,  ^ii,\^itt\,V^  (iM 
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to  yield  to  any  change  of  state,  and  none  take  place,  i(  follows, 
that  the  body  is  not  acted  on  by  any  force ;  or  if  it  be,  it  must 
be  by  an  accumulation  of  opposing  forces,  which,  in  the  aggre- 
gate, destroy  one  another.  Mathematicians  usually  estimate 
force  by  the  effect  it  produces,  or  would  produce,  in  a  given 
time,  and  consider  the  intensity  of  the  force  as  proportional  to 
the  effect.  Thus,  if  one  of  two  forces  produce  twice  the  effect 
of  the  other,  it  is  considered  to  be  doubly  as  powerful ;  if  three 
times  the  effect,  trebly ;  and  so  on.  But  this  is  rather  estimat- 
ing the  effects  than  the  forces ;  since  it  is  possible  for  the  same 
primitive  force,  by  successive  actions,  to  produce  very  unequal 
effects  in  equal  times. 

Forces  have  likewise  been  distinguished  into  two  kinds,  pres- 
sive  and  impulsive,  or  those  which  act  by  pressure,  and  those 
which  act  by  impulsion.  The  former  generate  changes  in  bodies 
by  a  continued  unceasing  action,  from  the  beginning  to  the  end 
df  the  stroke,  or  fit,  of  action  ;  and,  consequently,  always  con- 
snme  time.  The  latter  act  either  by  an  instantaneous  impulse, 
or  by  a  succession  of  those  impulses  ;  but  each  impulse,  indivi- 
dually considered,  occupies  not  the  smallest  portion  of  time.  It 
16  an  action  that  in  one  moment  might  be  said  not  to  have  come 
into  existence  ;  and  in  the  next  to  have  ended.  This  is  the  kind 
offeree  we  have  now  to  consider.  , 

If  we  take  single  impulses,  it  is  plain  that  the  forces  and  the 
changes  they  produce  are  proportional,  under  the  same  circum- 
stances of  action.  But  if  a  succession  of  impulses  takes  place, 
the  effects  are  no  longer  proportional  to  the  forces,  but  to  the 
collected  actions  of  the  forces  in  equal  times.  When,  therefore, 
the  forces  are  equal,  the  effects  are  proportional  to  the  numbers 
of  their  respective  repetitions ;  and  when  those  forces  are 
unequal,  but  uniformly  intense  in  their  actions,  the  effects  are  in 
the  compound  ratio  of  those  numbers  and  the  forces.  It  is 
hence  manifestly  possible  for  a  weak  force,  by  a  greater  number 
of  successive  actions,  to  produce  effects  equal  to  those  of  a 
stronger  by  a  less  number  of  actions ;  and  if  the  impulses  of  the 
two  forces  be  at  regular  intervals,  and  yet  the  intervals  of  the 
slower  be  not  sensible  to  observation,  the.  effects  will  always 
have  the  same  ratio,  whatever  be  the  length  of  time  in  which 
they  are  compared. 

These  impulses  may  also  be  opposed  to  a  pressive  force,  and 
effect  precisely  the  same  things.  For  let  us  suppose  a  hard 
body  to  be  acted  on  from  a  state  of  quiescence  by  a  continued 
force,  such,  for  instance,  as  what  we  commonly  conceive  gravity 
to  be,  urging  it  in  any  direction ;  then,  after  it  has  been  impelled 
forward  for  any  length  of  time  by  this  force,  and  has  acquired  a 
certain  momentum,  let  it  be  met  by  another  hard  body,  moving 
uniformly  with  an  equal  momentum  in  the  opposite  direction ; 
and  by  our  laws  of  collision,  it  will  receive  such  a  change  in  its 
mo^on  hy  the  contact  as  wHl  give  it  %xk  eQ^?i\  %xv^  o^'^^^w^^ 
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jnomentum  in  the  path  it  has  already  described.  It  will,  them-, 
fore,  being  acted  on  Btill  by  the  sohciting  force,  retrace  this  path,, 
until,  having  ascended  to  the  point  whence  it  set  out,  it  has  lost 
all  its  velocity,  and  begins  to  descend  again  as  before.  As  somv 
as  it  has  arrived  again  to  the  place  where  it  before  was  met  by 
the  other  body,  let  it  receive  u  second  equal  shock,  and  again. 
it  will  begin  to  ascend ;  and  so  on  as  long  as  we  please.  Thua. 
it  might  be  continually  kept   oscillating   between  these  two, 

Eoints  by  impulses  properly  regulated.  And  if  the  diatanoe 
etween  the  points  be  diminished,  the  number  of  oscillations 
will  be  increased,  and  the  intervals  between  the  shocks  diiui* 
nished,  and  the  body  consequently  approach  nearer  to  a  state  of 
apparent  rest. 

This  is  how  things  will  happen  when  the  affected  body  comes 
in  contact  with  only  one  other  body,  and  receives  the  strokes  iii 
the  direction  of  the  track  of  its  centre  of  gravity.  But  the  saais: 
would  evidently  take  place,  it^  instead  of  one  bixly  striking  it  ia^ 
this  identical  manner,  it  were  struck  by  several  in  different  putw 
of  its  surface,  either  all  at  once,  or  in  any  order ;  the  aggregat* 
direction  and  intensity  of  whose  strokes,  however,  should  bt- ' 
similar  to  those  of  the  single  body  under  similar  circumstaacesw 
Then  might  the  body  acted  on  by  the  force  remain  in  a  state  c^ 
rest,  if  not  absolute,  at  least  so  nearly  so,  as  to  differ  from  Hh 
insensibly.  Now  the  tendency  of  this  body  to  move  in  thej^i 
direction  in  which  it  is  solicited  is  precisely  the  same  thing  aB$< 
mathematicians  understand  by  the  force,  which  they  callpreMI 
sure  i  and,  therefore,  the  opposition  of  the  other  limaller  bodit 
is  also  equivalent ;  and,  as  to  effect,  the  same  as  this  force  i 
pressure.  And  because  the  value  of  this  pressure  might  bft^ 
increased  or  diminished;  by  increasing  or  diminishing  the  soli)^ 
citing  force,  or  the  pressing  body ;  so  also  might  the  value  of  tke 
resisting  force  of  the  smaller  bodies  be  increased  or  diminished 
by  increasing  or  diminishing  their  momentum,  the  number  c£ 
toeir  collisions,  or  the  number  of  the  bodies. 

From  these  considerations  it  follows,  that  if  a  number  ofij 
sbiall  bo(^es  be  inclosed  in  any  hollow  body,  and  be  continual' 
impinging  on  one  another,  and  on  the  sides  of  the  enclo6ii._^ 
body;  and  if  the  motions  of  the  bodies  be  conserved  by  anequtf 
valeut  action  in  the  sides  of  the  containing  body,  then  wilt  thea) 
small  bodies  compose  a  medium,  whose  elastic  force  will  beliki 
that  of  our  air  and  other  gaseous  bodies  ;  for  if  the  bodies  bl 
exceedingly  small,  the  medium  might,  like  any  aeriform  bod][ 
be  compressed  into  a  very  small  space  ;  and  yet,  if  it  had  at 
other  tendency  than  what  would  arise  from  the  internal  CollisiM 
of  its  atoms,  it  would,  if  left  to  itself,  extend  to  the  uccupatioi| 
of  a  space  of  almost  indefinite  greatness.  And  its  lemperatut^ 
remaining  the  same,  its  plasticity  .would  also  be  greater  whe^) 
occupying  a  less,  and  less  when  occupying  a  greater  space;  fof 

Jq-M  condeiiaed  atale  the  tt^tflbqc .oVftXama  sta\V" 
=*= — >. — —^ 
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pven  poiiion  of  the  containing  vessel  must  be  au^ented  ;  and 
the  space  in  which  the  atoms  have  to  move  bem^  less,  theii: 
returns,  or  periods^  must  be  shorter ;  and  the  number  of  them^ 
in  a  given  time,  consequently  greater,  on  both  of  which  accounts 
the  elasticity  is  greater,  the  greater  the  condensation.  Besides, 
ivhen  other  things  are  the  same,  the  elastic  force  augments  with. 
an  augmentation  of  temperature,  and  diminishes  with  a  diminu- 
tion ;  for  an  increase  of  temperature,  according  to  our  theory, 
must  necessarily  be  attended  with  an  increase  of  velocity ;  and, 
therefore,  with  an  increase  in  the  number  of  collisions.  But 
these  things  will  be  more  accurately  treated  of  presently. 

Whether  all  pressive  forces  be  not  the  same  as  this  gaseous 
action,  is  a  question  we  do  not  at  present  intend  to  consider.  It 
might  come  under  our  cognizance  hereafter,  when  we  shall  have 
had  more  opportunities  of  collating  our  principles  with  experi- 
ments. In  the  mean  time  it  is  sufficient  to  anticipate  that  our 
inquiries,  whatever  be  the  possibility  of  the  existence  of  another 
kind  of  pressive  force,  lead  us  to  conclude  that  nature  operates 
by  no  other. 

.  It  might  be  asked  by  what  means  is  it,  if  the  parts  of  the  gase» 
are  absolutely  hard,  that  they  are  reflected  back  into  the  medium 
from  the  sides  of  the  containing  vessel  ?  This  question  is  easily^' 
answered,  if  we  allow  heat  to  consist  in  an  intestine  motion  of 
ihe  parts  of  the  bodies ;  for  then  the  parts  of  a  solid,  of  equal 
temperature  with  a  gas,  must  have  the  same  quantity,  though 
they  have  not  the  same  freedom  of  motion  as  the  parts  of  a  gas 
have  ;  and  hence  the  parts  of  the  gas  will  have  the  same  reflec- 
tion from  the  sides  of  the  vessel  that  they  have  from  one  another. 

Pkop.  VI. 

The  figure  of  the  vessel,  in  which  a  gas  is  contained,  has  no 
influence  on  the  elastic  force  of  the  gas,  such  a  constitution  of 
things  being  granted  as  we  have  supposed. 

For  since  the  particles  of  the  gas  receive  their  reflection  from 
the  superficial  particles  of  the  containing  body ;  and  since  these 
particles  have  not  only  their  intestine  motion,  but  likewise  their 
figure  and  arrangement,  independent  of  the  superficial  figure  of 
the  containing  body,  it  follows,  that  the  directipn  of  their  action 
on  the  particles  of  the  gas  is  also  independent  of  the  figure  of  the 
body' in  which  they  are  enclosed.  But  other  things  being  alike, 
this  action  is  equal  to  the  contrary  action  of  the  particles  of  the 
gas,  which  constitutes  its  elastic  force ;  therefore,  its  elastio 
rorce  is  not  afiected  by  the  figure  of  the  body  in  which  it  is. 
contained. 

Cor. — Hence  we  gather  that  in  any  bodies  of  equal'  capacity 
and  of  the  same  temperature,  the  same,  or  an  equal  portion  of 
the  same  gas,  would  be  equally  elastic  ;  for  the  motion  of  the 
particles  being  independent  of  the  figure  of  the  containing  body 
must  depend  entirely  upon  the  temp^Tatuie'oi  \!ci»X  \^^^  \  ^vcA^ 
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this  being  the  same,  the  motion  is  the  same.     But  the  motion, 
quantity  of  gnu,  aud  capacity,  being  tbe  same,  the  elasticity  must 
be  the  same. 


This  theorem  and  its  cor.  ag^ree  with  the  opiQioa  of  philoso.;. 
phers  respcctliig  the  elasticity  oT  gaseous  bodies,  though  I  aoi. 
not  aware  that  they  have  ever  been  made  the  subject  oT  direct 
e'xperiuient.  Indeed  it  seems  to  have  been  taken  for  granted 
that  wherever  the  temperatures,  spaces  occupied,  gases,  and. 
quantities  of  gas,  were  the  same,  the  elasticities  were  the  samej.' 
but  it  would  be  worth  while  to  be  more  certain  of  it.  An  expe- 
riment to  settle  this  point,  taking  every  circumstance  into  consi-. 
deration,  would,  perhaps,  require  us  much  care  and  skill  u 
almost  any  of  those  that  have  been  made  on 

Pbop.VII. 

If  a  given  portion  of  a  fluid  gas,  com])o&ed  of  paTtidan 
mutually  impinging  on  one  another  and  the  sides  of  the  conttta^ 
ingbody,  in  the  manner  that  has  been  described,  has  its  t^npow 
ature  the  samej  and  if  the  particles  be  indefinitely  small,  itk 
elastic  force,  imder  different  compressions,  is  reciprocally  propoi^i 
tiontil  to  the  space  it  occupies.  ■ 

Let  us  suppose  that  equal  portions  of  the  same  gas  be  enclosed) 
in  two  vessels  of  unequal  capacity.  Then,  by  the  last  Prop.^ 
is  immaterial  whether  these  vessels  be  of  the  same  orof  diiferenH' 
figures ;  the  difference  of  figures  would  have  no  influence  upoH 
the  ratio  of  the  elasticities  ;  but,  for  the  sake  of  simplicity,  «•> 
will  suppose  the  two  figures  similar.  Now  because  the  only, 
change  that  is  supposed  to  take  place  is  in  the  space  which  the 
gas  occupies,  the  motions  and  collisions  of  a  particle  in  the  one 
will  be  similar  to  those  of  a  corresponding  particle  in  the  otiien^ 
and  the  temperature,  that  is,  in  this  case,  the  velocity  being  tU 
stuue  in  each,  the  numbers  of  revolutions  that  two  correspondio^ 
particles  in  tbe  two  media  make  in  a  given  time  must  W 
inversely  proportional  to  the  paths  the  particles  describe;  thiUS 
these  paths  being  alike  and  described  with  equal  velocttiea-i 
the  inverse  subtnplicate  ratio  of  the  spaces  occupied  by  tk 
equal  portions  of  gases.  But  because  the  elasticity  of  a  gas  ■ 
proportional  to  the  action  of  its  particles  against  a  given  porda 
of  the  surface  of  the  containing  body,  the  ratio  of  tbe  elastiM 
forces,  arising  from  the  reflated  actions  of  equal  numbers  of  coff 
Eesp>onding  particles  in  the  two  media,  will  hkewise,  thai 
velocities  being  the  same  in  both  media,  be  inversely  as 
mibtripliedte  of  tbe  spaces  occupied.  And  if  we  conceive 
two  gases  to  be  divided  into  strata,  parallel  to  the  sides  of 
bodies  on  which  the  elastic  forces  are  measured,  and  of  cue,  twajf 
or  any  number  of  particles  thick,  it  is  manifest,  since  the  motioi 
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in  one  medium  arises  from  the  action  of  the  particles  of  the  first 
stratum  alone,  so  it  does  also  in  the  other  medinui ;  and  if  it 
arises  from  the  action  of  the'  particles  of  the  two  firsts  three  firsts 
or  n  first  strata  in  one  medium,  the  same  holds  true  with  the 
elasticity  in  the  other  medium.  But  the  number  of  particles  of 
any  one  stratum  that  strike  against  a  given  portion  of  the  con- 
taining surface  of  one  medium^  is  to  the  number  of  particles  of 
die  corresponding  stratum  that  strike  against  an  equal  and  simi- 
lar portion  of  the  other  medium,  in  the  duplisubtriplicate  ratio  of 
tlie  numeratoms  directly  ;  that  is,  in  the  duplisubtripUcate  ratio 
of  the  spaces  occupied  by  equal  portions  of  the  gases  inversely. 
Therefore  as  the  whole  elastic  forces  of  these  corresponding 
strata  are  in  a  ratio  compounded  of  the  ratios  of  the  numbers  of 
particles  that  strike  against  equal  portions  of  the  sides  of  the 
containing  bodies,  tmd  of  the  numbers  of  returns  which  they 
make  to  the  sides  in  a  given  time^  that  ratio  must  be  equal  to 
one  compounded  of  the  inverse  duplisubtripUcate  and  of  the 
inverse  subtriplicate  ratios  of  the  spaces  occupied  by  the  two 
ies ;  it  must,  therefore,  be  equal  to  the  simple  inverse  ratio  of 
le  spaces  occupiM.  And  since  the  same  number  of  strata 
affects  the  elasticity  of  the  one  gas  as  of  the  other ;  and  since 
the  inverse  ratio  of  the  spaces  is  the  ratio  of  the  elastic  force  of 
any  two  corresponding  strata,  it  is  consequently  the  ratio  of  the 
united  elastic  forces  of  all  the  strata  that  affect  the  elasticity ; 
and  is,  therefore,  the  ratio  of  the  elastic  forces  of  the  two  gases. 
Cor, — Because  the  numeratoms  are  reciprocally  proportional 
to  the  spaces  occupied,  it  follows  that  the  elasticities  are,  under 
equal  temperatures^  directly  as  the  numeratoms. 

ScltoUwn^ 

We  have  in  the  two  preceding  theorems  and  their  corollaries 
supposed  the  atoms,  or  particles,  to  be  perfectly  hard ;  but  the 
same  consequences  would  follow  if  they  were  either  perfectly  or 
imperfectly  elastic,  and  the  containing  vessel  either  elastic  or 
hard.  For  the  temperature  being  invariable,  the  intensity  of 
Ae  collisions,  and  consequently  of  the  reflections,  would  remain 
die  same  in  a  rare  as  in  a  denser  medium.  The  law,  therefore, 
that  the  elasticities  and  compressions  are  proportional,  under 
equal  temperatures,  is  true  not  only  in  permanent  airs  or  gases, 
but  in  all  kinds  of  vapours,  which  is  conformable  to  experience. 

Prop.VIII. 

The  same  things  remaining,  the  elasticity  of  a  gas  under  a 
variable  temperature  and  compression,  is  proportional  to  its 
numeratom  and  the  square  of  its  temperature  conjointly  ;  or  the 
daftticity  varies  as  the  square  of  the  temperature  directly,  and 
the  simple  of  the  space  inversely. 

If  we  first  suppose  in  two  portions  of  the  same  gas  the  name- 
ivtomsto  be  equal,  the  ekstieities  ef  thofte  ^OT\i\QiM*^riiL\!A.'^^^iiBi^ 
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same  ratio  as  the  elasticities  arising  from  the  actions  of  corre- 
spondiua;  particles  in  the  two  media ;  forthe  change  of  tempera-c 
ture  does  not  alter  the  manner  in  which  the  correBpoDdin^ 
particles  act  ia  the  media,  but  only  the  intensity  ol  action^ 
This  being  the  case,  the  elasticities  due  to  the  actiou»  of  cone- 
sponding  particles  are  to  one  another  as  their  momenta  and  the 
number  of  their  revolutions  or  returns  in  a  given  time ;  that  iv 
as  their  temperatures  and  velocities.  But  the  masses  of  the^ 
-corresponding  particles  being  the  same,  the  velocities  are  as  th& 
temperatures ;  therefore,  the  elasticities  due  to  corresponding: 
particles,  and  consequently  the  elasticities  of  tlie  media,  are  asi 
the  squares  of  the  temperatures.  And  by  the  cor.  to  the  precede 
ing  prop,  the  temperatures  being  the  same,  the  elasticities  are  aft 
the  numeratoms.  Whence,  if  neither  the  temperatures,  nor  ths) 
numeratoms  are  the  same,  the  elasticities  aie  in  a  ratio  coi]>-t 
pounded  of  the  ratio  ol'  the  numeratoms,  and  that  of  the  square*: 
of  the  temperatures,  or,  which  is  the  same,  in  a  ratio  compoundec^.- 
of  the  inverse  ratio  of  tlie  volumes  and  the  duphcate  direct  o&« 
the  temperatures. 

Cor.  1. — Hence  the  elasticities  are  also  in  a  ratio  which 
equal  to  that  compounded  of  tbe  simple  ratio  of  the  nunieratom^.' 
and  the  duphcate  of  the  velocities. 

Cor.  2. — And  hence  also  the  elasticities  are  in  a  ratio 
pounded  of  these  three  simple  ratios;  namely,  the  ratio  of  tl 
numeratoms,  the  ratio  of  the  temperatures,  and  the  ratio  of  the) 
velocities. 

Prop.  IX. 

The  spaces  occupied  by  equal  portions  of  the  same  gas,  undi 
equal  elasticities,  are  directly  proportional  to  the  squares  of  tli»i 
temperatures. 

For  by  the  preceding  proposition,  the  elasticity  varies  as  th 
numeratom  and  the  square  of  the  temperature  conjointlj  ;  then 
fore,  the  elasticity  being  constant,  the  numeratom  is  inverscil 
as  the  square  of  the  temperatm'es.  But  the  quantity  of  ga 
being  the  same,  the  space  occupied  is  reciprocally  as  the  numi 
ratom;  consequently  the  space,  or  volume,  is  directly  as  tli 
square  of  the  temperature. 

Cor.  1. — Because  this  is  true  of  any  gas,  it  follows  that  eqm 
volumes  of  any  gases  whatever,  under  equal  pressures  and  tea 
peratures,  will  be  equally  augmented  by  equal  augmentations  i 
temperature. 

Car.  2. — Or  more  generally,  if  the  elasticities  ofanytwogasf 
have  an  invariable  ratio,  and  if  their  temperatures  also  have  i 
iuTBriable  ratio,  their  volumes  will  have  nn  invariable  I'atio. 

Cor.  3. — It  has  been  found  by  MM,  Dalton  and  Gay-Luss» 
and  lately  confirmed  by  the  further  e.\periments  of  MM.  DuIod^ 
and  Petit,  that  the  volume  of  a  given  portion  of  gas  at  the  tem*: 
peratare  of  water  freezing  is  to  \te  ■NoVvwoa  \i»ie\  %x^  %<yuJ.  ^reaR 
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sure  at  the  temperature  of  water  boiling  as  8  to  11.  Therefore^ 
srantiDg  the  truth  of  our  principles^  me  temperature  of  Water 
feezing  is  to  that  of  water  boiling  in  the  subdupUcate  ratio  of 
8  to  11 ;  that  is,  nearly  in  the  ratio  of  6  to  7 ;  or,  more  nearly,  in 
that  of  100  to  117,  or  that  of  679  to  679. 

Cor.  4 — Because  the  temperatures  are  in  the  same  gas  as  the 
velocities,  the  spaces  occupied  at  equal  elasticities  are  as  the 
43quare  of  the  velocities. 

Cor.  5. — It  has  been  demonstrated  by  the  experiments  of  phi- 
losophers, that  the  volumes  of  mercury  and  air,  under  the  same 
pressure,  go  on  pari  passu  within  certain  limits  ;  namely,  from 
about  —  36  of  centigrade  to  nearly  150.  There- 
fore, let  A  B  be  a  common  mercurial  thermome- 
ter, of  which  F  is  the  freezing  and  B  the  boiling 
point  of  water ;  and  let  the  tube,  or  a  line  by  the 
side  of  it,  be  continued  to  the  point  C,  «o  that 
B  C  :  F  C  ::  11  :  8 ;  and  let  C  B  be  made  the 
axis  of  a  parabola,  whose  vertex  i^  C ;  then  will 
any  semiordinate  M  P,  between  the  limits  / 
(—  36)  and  L  (nearly  160),  drawn  from  Uie  sur- 
fece  M  of  the  mercury,  represent  the  tempera- 
ture of  the  body  in  wnich  the  thermometer  is 
plunged ;  and  C  M  the  volume,  due  to  the  ex- 
pansion of  air  under  the  same  temperature  and  a  uniform 
pressure. 

From  these  circumstances  it  appears,  that  the  measures  which 
have  been  taken  by  MM.  Dulong  and  Petit,  in  their  late  memoir 
on  the  communication  of  heat,  are  not  proportional  to  the  tem- 
peratures, as  they  imagine,  but  to  the  squares  of  the  temper- 
atures. 

Cor.  6. — Since,  if  the  temperatures  are  the  same,  the  volumes 
are  inversely  proportional  to  the  elasticities,  it  follows  that  the 
volumes  being  the  same,  the  squares  of  the  temperatures  are  as 
the  elasticities.  Hence,  therefore,  the  same  results  would  be 
obtained  by  measuring  the  temperatures  by  the  elasticities,  under 
an  invariable  volume,  as  by  the  volumes  under  an  invariable 
compression,  which  is  conformable  to  what  MM.  Dulong  and 
Petit  say  they  have  found  from  experiment.  This  same  inference 
I  had  drawn  from  theory  several  years  before  Dulong  and  Petit 
had  made,  or  at  least  had  published  their  experiments;  and  upon 
this  principle  I  had  contrived  a  thermometer  by  means  of  hydro 
gen  and  mercury,  the  description  of  which  I  have  by  me. 

Scholium. 

In  the  preceding  theorems  and  their  corollaries,  we  have  not  con- 
sidered whether  the  media  be  homogeneous  or  not,  or  whether  their 
particles  be  similar  or  dissimilar.  The  theorems  are  totally  inde* 
pendent  of  all  considerations  of  homogeneity  or  similarity,  and 
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aw,  therefure,  eqnally  applicable  to  all  gas«8,  simple,  or  com- 
pound, supposing,  however,  their  partides  to  be  iodetinitely 
small,  or  their  diameters  to  have  no  sensible  proportion  to  the 
lines  they  describe. 

One  of  the  longest  known  laws  of  gaseous  bodies  is,  that  of 
the  volume  being  reciprocally  proportional  to  the  elasticity. 
This  law  is  demonstrated  in  prop.  7,  and  is  one  that  1  have  been 
carefiil  to  establish  by  a  clear  and  explicit  proof,  as  well  on 
account  of  its  own  importance,  as  of  its  being  the  foundation  of 
most  of  my  other  deductions  on  the  properties  of  gaseous  bodies. 
I  have,  however,  shown,  in  the  scholium  to  prop.  7,  thattJie 
same  law  would  result  from  the  supposition  of  the  particles  being 
either  perfectly  or  imperfectly  elastic.  But  tljon^h  this  is  tone 
in  the  present  instance,  it  is  not  so  universally.  For  if  we  sup- 
pose a  medium  to  be  composed  of  elastic  particles,  and  to  be 
kept  in  a  gaseous  state  by  the  actions  of  its  particles  on  o»tf 
another,  and  on  the  particles  of  the  containing  body  ;  and  if  wi 
also  suppose  the  temperature  to  be  equal  to  the  momeid^ 
which  these  gaseous  particles  impress  on  the  particles  of  M 
other  bodies,  then  we  find  that,  in  order  to  preserve  the  temper^ 
ature  of  the  containing  body,  the  gaseous  particles  must  haw 
such  motions  as  will  repel  the  particles  of  the  containing  bod^. 
with  momenta  equal  to  the  momenta  which  they  had  prerioai) 
te  the  contact.  But  to  do  this,  the  particles  of  the  gas,  -if  (^q( 
and  the  particles  of  the  containing  body  are  unequal,  wiHbM^ 
different  motions  before  and  after  the  collision,  which  A 
evidently  absurd.  And  if  the  gas  should  be  transferred  wta4 
different  body,  whose  particles  are  larger  or  smaller  thaa  llH* 
particles  of  the  other  body,  the  temperature  and  elasticity  of  tbS 
gas  will  be  changed,  though  both  the  capacity  and  temperatuW 
of  the  two  containing  bodies  should  be  the  same.  Besides,  tha 
temperatures  of  the  gas  and  of  the  containing  bodies  would  itevO^ 
be  tne  same,  if  their  particles  were  unequal.  Nor  coaW  a  galj 
constituted  of  elastic  particles,  follow  the  laws  of  either  of  tfc# 
other  propositions. 

If  any  method  were  known  of  experimentally  determining  tW 
ratib  of  the  temperatures  of  two  bodies,  we  might  easily  derM 
ways  enough  of  putting  our  theory  to  the  teat  of  observation ;  W 
since  this  is  not  the  case,  independent  of  theorems  drawn  frod 
our  principles,  we  are  obliged  to  search  for  such  consequetictl 
as  are  not  under  the  controul  of  the  ratio,  or  of  the  quantity  ar 
temperature.  The  inference  drawn  in  the  first  cor,  to  prop.  9  it 
precisely  of  this  kind,  and  presents  us  with  a  law  that  is  easily 
examined  by  experiment.  Indeed  this  law  was  discovered,' 
several  years  ago  by  MM.  Dalton  and  Gay-Lussac,  and  ha* 
been  established  by  many  experiments.  It  is  one  of  the  mo# 
important  laws,  relative  to  the  expansion  and  contraction* 
^seous  bodieSj  that  has  yet  been  discovered  ;  and  affords  nrf 
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.  only  a  striking  instance  of  the  coincidence  of  our  theory  of  the 
constitution  of  gases  with  pheenomena,  but  also  a  fine  corrobora- 
tion of  our  theory  of  coUision. , 

In  cor.  2,  I  have  generalized  this  law,  by  which  means  we 
have  an  opportunity  of  comparing  the  theory  with  phsenomena 
em  a  more  extensive  and  varied  scale.  For  if  we  suppress  the 
ratio  of  the  temperatures,  by  making  it  the  ratio  of  equality,  this 
cor.  will,  in  a  variety  of  ways,  become  comparable  with  obser- 
vation. By  taking  portions  of  any  two  gases,  and  measuring 
their  elasticities  and  volumes  at  any  common  temperature,  we 
ought  by  this  cor.  to  find,  that  if  we  raise  or  diminish  the  tem- 
peratures equally,  and  make  the  ratios  of  th^  first  and  second 
Tolumes  equal,  we  ratios  of  the  first  and  second  elasticities  ought 
to  be  equal.  Again,  if  the  two  temperatures  be  equal,  and  we 
any  how  change  the  temperature,  elasticity,  and  volume  of  one 
«f  the  gases ;  and  if  we  make  the  second  elasticities  and  volumes 
to  hold  respectively  the  same  ratios  as  the  first :}  then  ought  the 
second  temperature  of  the  one  gas  to  be  equal  to  the  second 
temperature  of  the  other. 

Prop.  X. 

If  the  ratio  of  the  elasticities  of  any  two  gases  be.  that  of  e  to 
J,  the  ratio  of  their  volumes  that  o(v  to  1,  and  of  their  tempera- 

-^mies  that  of  /  to  1 ;  and  if  the  elasticities,  volumes,  and  tem- 
peratures of  these  gases  be  any  how  varied,  so  that  the  ratios  of 
tke  second  dasticities,  volumes,  and  temperatures,  be  respectively 
iboee  of  e^  ta  1,  v^  to  1,  and  ^i  to  1  then  will  the  iratio  of  e^  to  1 

•be  equal  to  that  of  e  t^^  to  t^Vi, 

For  let  us  call  V,  V  the  first  volumes ;  JB,  E  the  first  elastici- 
ties ;  and  T,  T  the  first  temperatures  of  the  gases;  and  let  V^,  Vj 
in  like  manner  denote  their  second  volumes  :  jE^,  E,  their  second 

•elasticities;  and  T,,  T^  their  second  temperatures.  Then  by 
hypothesis^  we  have 

V  lY  ::  V  :  1  and  F,  :  V^  ::  v^  :  I 
JE  :  E  ::  e  :  I         JS^  :  E,  ::  e,  :  1 

JL.X.  ••&•!.  JL{!X|II  It  I   JL 

Bat  by  prop.  8, 

£, :  £::  T,"  V  :  T»  F'  and 
E  :  E, ::  T«  V,  :  T.«  V,  and 
E   :  E  ::  e  :  1. 

Therefore  compounding  these  ratios,  we  shall  get  £,  :  Ej  or  e, 
:  l::T,^T>  V  y,  e  :  1^  T,*  V,  V;  and  consequently  e,  :  1  - 

Cor.  1. — From  this  theorem  it  appears,  that  if  the  ratio  of  the 
first  temperatures  be  a  ratio  of  equality  ;  and  if  the  same  be  the 
-case  with  the  ratio  of  the  second  temperatures,  no  matter  what 
be  the  ratio  of  the  first  and  second  tam^t^toa^i!^  \  ^scA^l  ^^ 
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eon teni plating  life  at  a  period  when  the  number  and  complies' 
tion  of  its  functions  are  the  least,  becomes  an  irresistible  induce- 
ment to  the  physiologist  to  pursue  the  investigation  :  hence  we    u 
find  that  the  philosophers  of  every  age  and  nation  have  devoted 
much  time  and  labour  to  this  inquiry.     Unfortunately,  however, 
for  science,  the  influence  of  chemical  powers  in  the  scheme  of 
aaimal  hfe  hoe  only  of  late  been  investigated  in  reference  to  the 
problem  ;  but  many  beneficial  results  have  abeady  attended  this 
new  train  of  research,  and  the  most  exhausted  topics  of  uatarai 
history  have  assumed  novel  and  very  unexpected  aspects.    The 
author,  therefore,  of  the  present  memoir  may  reasonably  hope  to 
escape  the  censure   which  must  otherwise   have  awaited  the 
adventurer  who  could  presume  to  beat  the  field  that  has  before 
been  so  ably  and  diligently  explored  by  the  united  labours  of 
Fabricius  ab  Aqua  pendente,    Harvey,  Malpighi,   Spallanzani,  ^ 
Hunter,  and  other  physiologists.    A  powerful  phalanx  ofphiloso-    i~ 
phers  maintain,  with  much  plausibility,  that  the  egg*  is  the   i 
universal  womb  of  nature,  and  that  oviparous  differ  only  from 
«iw4par-0us  animals  by  the  latter  breaking  their  ovular  bondage  t 
before  they  escape  from  the  parent.     Concerning  the  trulS  of    | 
this  opinion,  which  is  comprehended  in  the  popular  aphonsm,    ^ 
"  Omnia  ex  Ovo,"  or  with  regard  to  the  success  with  woich  th^J 
eloquent  Count  de  Buffon  has  levelled  his  shafts  against  IblH 
paitisans  of  this  theory,  I  shall  leave  abler  disputants  to  decideiV 
The  observations  which  I  am  prepared  to  submit  to  your  notice  \ 
do  not  involve  the  truth  of  either  theoiy,  but  are  connected  only    ■ 
with  those  animals  that  are  oviparous,  in  the  common  accepta- 
tion of  the  term  ;  that  is,  who  depobit  a  germ  to  be  developed  Ay 
causes  totally  independent  of  parental  infiuence.  ^ 

Among  the  coimtless  multitudes  and  varieties  of  animals,  a 
very  small  proportion  only  are  viviparous,  or  produce  living  ofi"- 
spring :  thus  the  immense  tribes  of  birds,  fishes,  amplubiouaa 
animms,  and  insects,  with  comparatively  few  exceptions,  J  f 


•  Eoc— Tl«  word  Oiim- 


a  "tic  derived  from  the  Gredt  wiod  OJa, 


biou»H 


phives  gignont  fiEtiis."  _^ 

jt  one  cmbryoD  scemi  lo  be  a  general  law  of  nuure,  but  aot  without  ita  ■le*^ 

aingulu-  spedea  of  egg  waa  faimd  bf  Mr.  Fclbs,  Pieiuilent  of  ihe  Aqiv 

'    '      iiulet,  wbich  equiJItil  iu  ake  b  pin's  head.    Bf  bcea]dii(;  the 

mig,  all  of  whldi  were  contained  within  ""- ■"'"' • 

■f-  The  syileni  of  the  ovariata  has  beea  adopted  by  Hatvey,  Bte 
nieri,  Duhamel,  Nuclt,  Littre,  SwammerdBm,  Haller,  Spallanz 
must  not  be  forgotten  [hat  there  aie  some  animaLi  that  cannot  be  called  <nriparoat\ 
whatever  signiBcalion  the  term  maj  be  received^  the  hydra^  for  imtauce,  nxuIliplieB  ' 
Epectes  b;  sen^ng  off  ahoDta  fioai  its  own  body,  and  may,  diefefore,  be  said  to  be 

'^  !ioDie  fish  are  viviparous,  e.  g.  Murirna  AngiiiHa,  or  eel,  BJennim  Vivipami, 
Among  the  amphibia  we  may  notice  the  vipt 
hence  probably  derives  its  name,  jiioi' 

production  of  frogn  ai  being  tstlier  of  a  viviparous  man  ovrparoua  nature 
.uie&t,  hoivever,  of  the  future  animal  certainly  partakes  as  naudi  of  the  n4tii 
~  a  Actus,  apd  luay  ptobalilj  be  conadeieii  as  &  mnnttting  link  be^ 


riper,  which  brings  forth  its  young  aUtatMaB 
liviim  parliil.     S])anBn2itni  considers  aba  ifaa 
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SLgate  their  species  by  the  intervention  of  the  egg,  nor  is  such  a 
tode  of  generation  either  accidental  in  its  occurrence^  or  unim- 
ortant  in  its  operation;  had  the  winged  inhabitants  of  the  air 
een  viviparous,  the  burden  of  gestation  would  have  impeded 
Le  action  of  their  wings,  and  have  so  far  increased  their  gravity 
s  to  have  rendered  them  incapable  of  the  exertion  of  flight : 
xe  rigid  and  unpliant  coverings  of  cruslateous  animals  would 
Etve  opposed  the  expansion  necessary  for  the  developement  of 
icBtus ;  and  it  is  evident  from  the  structure  and  habits  of  th& 
ibe  of  serpents,  that  if  they  had  been  viviparous,  their  offspring 
k^ust  have  suffered  materially  from  the  tortuous  flexions,  ana 
Action  necessarily  attendant  upon  their  progressive  motions; 
c^d,  lastly,  th^  multiparous*  nature  of  insects  and  fishes  at  once 
:>nvinces  how  improvident  it  would  have  been  to  engender  them 
y  any  other  mode  than  that  which  nature  employs. 

The  eggs  of  the  ovipari  admit  of  an  evident  division  into  two 
lasses,  which  I  shall  denominate,  1.  The  Perfect ;  and  2.  The 
mperfect.  Th-d  former,  which  are  deposited  by  the  aves,  and 
ome  genera  otnmphibia,  are  completely  covered  by  a  hard  shell, 
T  membrane,  and  receive  no  additions  after  their  exclusion; 
^hile  the  latter  are  deposited  by  most  phces,  and  in  general 
onstitute  a  soft  mass  (Jlavago),  not  bemg  protected  by  any 
xternal  involucre.  The  observations  contained  in  this  memoir 
date  more  particularly  to  the  egg  of  birds  :  their  history,  how- 
tver^  comprises  whatever  is  interesting  or  important  in  the  germs 
if  inferior  animals. 

In  order  that  I  may  be  better  able  to  form  a  systematic  rela-* 
ion  of  those  new  facts  and  opinions  which  I  wish  to  submit  to 

III;  the  aphides  lay  ^^  a(  the  end  of  autumQ,  when  the  youag  produced  fiom  them 
Ok  the  spring  are  viviparous  during  the  whole  suoimer !  The  cocci  hatch  their  eggs  before 
hdr  exclusion,  and  the  young  force  their  .way  through  the  abdomen  of  their'  mother. 
Phe  enisH  cany  their  eggs  in  a  particular  reeeptable,  Ibom  which,  in  process  of  tine, 
hfl  young  make  their  escape  The  Mppabosca.  brings  forth  neither  eggs,  nor  larvs,  but 
bose  already  gone  into  the  pupa  state !  The  lacerta  salamandra  brings  forth  youngs 
omplete  in  every  part,  but  still  enclosed  in  an  egg. 

*  Reaumur  ascertained  that  a  single  queen  bee  had  laid  in  the  months  of  March  and 
^pril  12^000  eg^;  and  Lewenhoeck  found  that  the  miuca  carnaria  deposited  14^ 
m,  from  which,  in  one  month,  were  produced  as  many  flies ;  so  that  supposing  one- 
SEr  of  these  to  be  females,  there  would  be  in  the  third  month  746,496  flies.  The  amaz- 
Bg  fbrtility  of  fish  may  be  illustrated  by  the  gadus  morhuay  the  cod  fish,  which  will 
Iqpoiit  among  the  zocks  9,000,000,  or  10,000,000  of  eggs ;  and  again,  thepercajhtvia-^ 
lUt  produces  in  April  and  May  not  less  than  300,000  ova !  Dr.  Baster  sajrs  Uiat  he 
ounted  12,144  ^gs  under  the  tail  of  a  female  lobster,  besides  those  that  remained  in 
he  ovarium  unprotrudcd.  I  have  frequently  examined  the  ova  of  the  lobster,  and 
bene  is  one  eixcumstanoe  that,  perhaps,  deserves  notice ;  each  ovum  upon  examinatioa 
rin  be  found  to  be  hexagonal  in  its  form.  If  we  were  inclined  to  be  eager  on  the  sub- 
ect  of  final  causes,  we  might  at  once  conclude  that  this  form  was  the  one  adopted,  as 
iflS>rding  facility  of  packing  the  greatest  number  in  the  least  possible  space,  and  we 
digfat  adduce  the  structure  of  the  honeycomb  as  an  illustration:  the  fact,  however,  is 
inply  this ;  that  the  ova,  like  all  jrielding  bodies,  assume  the  polyanguUr  form,  from 
ke  mutual  jHressure  which  each  sustains  fnmi  its  neighbour.  Every  person  must  have 
bierved  the  hexagonal  bubbles  upon  the  sur&ce  of  porter  and  other  liquors,  from  a 
imilaT  caiise. 
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your  notice,  I  shall  briefly  relate  the  successive  operations  bj    i 
which  the  egg  is  formed  in  the  body  of  the  animal ;  the  uecesa^ 
of  more  minute  detail  is  superseded  by  the  valuable  descriptiou 
of  Harvey  and  Malpighi. 

The  rudiments  of  the  ovum  are  first  visible  in  the  avariim, 
■which,  in  fact,  is  nothing  but  a  congeries  o(  wVc//»,*  oryelli, 
attached  to  the  spine  by  a  proper  membrane  ;  this  repository' 
denominated  by  Fabricius,  the  viieUarium,  or  vitelhrum  ractaa 
and  may  be  considered  as  analogous  to  the  ovarium  of  themun- 
malta,  or  to  the  roe  of  fishes.  These  vitelli  generally  vary  is 
progression  JVoni  the  size  of  a  millet  seed  to  that  of  an  acorn; 
each  of  which,  according  to  its  maturity,  is  successively 
detached  from  the  rest,  whencfc  it  descends  a  tube,  called,  ftow 
its  resemblance  to  a  funnel,  iiifuHdibuium,  and  arrives  at  ibe 
vtertis,  the  internal  surface  of  which  is  extended  by  spiral  con- 
Tolutions;  here  the  albmnin<tus  fluids  are  secreted,  and  trans- 
mitted to  the  vitfllus  during  its  passage  to  Xhe  fundus  uteri, 
floaca,  where  it  receives  its  last  addition,  the  external  crust,  ut 
sheU. 

The  egg  thus  formed  and  completed  possesses  every 
for  its  subsequent  maturation,  and  requires  only  the  emphatical 
energy  of  heat  for  tlie  dev  elopement  ut"  its  embryou ;  this  is  con- 
Teyed  through  difiereot  media  in  the  diflierent  classes  of  animsh. 
la  birds  it  is  apphed  by  incubation,+  hut  in  the  ampldUia  and 
other  animals,  the  heat  of  whose  bodies  is  inconsiderable, and 
inefficient,  tlie  e^gs  are  deposited  in  mud  or  sand,  or  are 
exposed  to  the  rays  of  the  sun,  by  whose  prolific  inflaeace 
Dayriads  of  beings  are  daily  called  into  life  and  activity  ;  or  they 
we  placed  in  other  favourable  situations,  all  of  which  are  too 
Evell  known  to  the  disciple  of  Linns'us  to  require  any  particulm 

t'  otice.  It  is,  however,  worthy  of  remark,  that  the  medium  i 
trough  whicli  heat  is  appLed  is  suitably  varied  in  the  same ! 
li  Rnecies  in  different  climates.  In  Senegal,  for  instance,  the  ! 
ostrich  ahandons  her  e;^g5!  to  be  hatched  by  the  burning  sands, 
r.vhile  in  the  more  temperate  and  congenial  regions  of  tiie  Cape 
L-^fOood  Hope,  like  other  biixls,  she  is  inclined  to  incubation. 
K" '  The  different  species  of  etstrm  will  afford  us  an  illustration  of 
■  'ihe  variety  of  situations  in  which  the  insect  tribe  deposit  their 
pera;  in  which  they  are  universally  directed  by  an  itistinct  to 
'  ensure  a  suitable  temperature,  and  appropriate  nutriment  for  the 
*joung  brood;  thus  the  asti-us  hainorrkuidulis  deposits  them  in 
rthe  rectum  of  the  horse,  and  the  jE.  ovis  in  the  frontal  smos  of 
L  «)i»ep,  &c. 

■•    VUclliit.,  derived  a  vila,  because  U  I'ont^r.a  tlie  enibryon. 

+  Th«e  are  alaa  oihcr  animftls  that  accelersle  ihe  evolution  of  their  ova  by  Incuh- 
(ion.  Thu'bc^  in  a  hive  gmcrBlc  a  considerable  quiiatity  of  heat  without  wbkh  ibor 
t^fl  wouW  p*riiih  J  and  the  tcttiido  mi/di",  or  wiiinmoa  lurtle,  deposiu  her  eggs  a  tk 
Mod,  AHiI  iucubiitc;  during  llie  right. 
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The  parts  of  which  the  perfect  egg  consists  are  :  1.  Vifellus, 
or  yelk,  with  its  capsule  and  cicatricula ;  2.  Albumina,  with  their 
proper  membranes ;  3.  ChalazcB ;  4.  Folliculus  aeris ;  5.  Com- 
tnon  membranes:  6.  Exterior  involucrum,  or  shell;  to  each  of 
which  I  shall  successively  direct  my  attention. 

The  vitelluSy  or  yelk,  is  the  part  formed  in  vitellario,  and  is  a 
yellow  fluid  contamed  in  a  membranous  capsule,  on  which  a 
^greyish-white  circular  disk  is  discernible  ;*  this  is  named  cicatrix 
cula,  and  is  the  speck  of  entity,  the  germ  that  is  to  be  developed 
into  the  animal.  "  In  hujus  ^ratiam,''  says  Malpighi,  "  reliqua 
-comproducta  videntur."  We  have  here  then  amved  at  the  ear- 
liest stage  in  which  we  can  detect  the  existence  of  the  embryon. 
'Our  imperfect  faculties  will  not  enable  us  to  ascend  further,  and 
yet,  even  now,  the  body  is  formed  as  the  experiments  and  obser- 
vations of  Malpighi  and  Buffonmost  satisfactorily  testify.  The  yelk 
is  surrounded  by  a  more  tenacious  fluid,  of  a  Hght-straw  colour,  to 
which  the  name  albumen,  or  more  commonly  the  white,  has  been 
assigned  ;  this  may  easily  be  divided  into  two  separate  and  dis- 
tinct portions,  each  of  which  is  contained  in  a  concentric 
membrane.  They  diflfier  from  each  other  considerably  in  specific 
gravity,  and  seem  to  answer  different  purposes  in  the  economy 
of  the  egg  :  the  consistence  of  that  which  is  exterior  is  far  less 
than  the  one  which  immediately  envelops  the  yelk,  and  is  con- 
earned  in  the  earlier  periods  of  incubation;  t  while  the  internal 
•  and  more  viscid  albumen  seems  reserved  for  the  latter  stages, 
when  the  chick  must  require  a  greater  proportion  of  generative 
matter  than  at  any  other  period  of  its  evolution. 

Many  of  the  ancient  philosophers  imagined  that  the  chick  was 
formed  out  of  the  yelk,  and  tiiat  the  white  afforded  nutriment. 
Such  a  theory,  however,  must  be  at  once  abandoned,  when  it  is 
iLnown  that  the  vitellus  suffers  no  other  change  by  incubation 
than  a  degree  of  liquefaction,  and  that  it  is  drawn  up  into  the 
small  intestines  of  the  animal,;):  by  means  of  an  appropriate  duct  ?} 
i^ductis  stenonis)  just  before  its  exclusion.    It  is  then  evident  tha^ 

*  Fabridus  supposed  it  to  be  a  vestige  of  the  ruptured  pedunculus^  or  that  portion 
of  membrane  by  which  each  yelk  is  connected  to  the  viteliarium ;  and  ^milius  Parisa- 
nm  contends  that  it  is  the  semen  of  the  male. 

+  There  is  a  considerable  difierence  discoverable  in  the  milk  of  mammiferous  animals 
at  different  periods  subsequent  to  parturition.  Fourcroy  ascertained  that  it  is  mo^ 
diaxged  with  calcareous  phosphates  immediately  after  parturition,  and  that  the  propor- 
tion of  them  gradually  diminishes. 

X  The  vitdlus  appears  to  be  consumed  in  the  first  10  days  after  the  animal  it 
batched. — Monro. 

§  Mr.  Macartney  observes,  that  the  duct  by  which  the  yelk  communicates  with  the 
intestine  of  the  chick  does  not  become  entirely  obliterated,  but  leaves  a  small  sac,  which 
lemains  during  the  life  of  the  animal.  In  the  snipe,  this  appendage  is  of  considerable 
bulk,  and  on  examining  its  internal  structure,  we  shaU  find  mat  it  is  lined  with  a  kind 
of  villous  coaty  and  that  it  has  numerous  folds,  or  projections,  which  indicate  that  it 
|K)08esses  a  gbmdular  structure,  exhibiting  a  curious  example  of  the  economy  of  nature 
in  adapting  an  orcan  of  foetal  lite  to  the  exercise  of  a  particular  ftinction  in  the  full 
grownbiri  -  ^ 
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tlie  albuminous  portioiva*  funigh  materia  for  its  eirolutioii, 
while  the  vitfiivi  is  designed  to  administer  aup])ort,  until  ik 
digestive  organs  can  gain  sufficient  powers  to  perform  timi 
ftiirctionB,  and  the  beak  b.  do^ee  of  firmness  adequate  to  nitk  I" 
stand  the  haidnega  of  its  natuial  food.  "  Jpstim  auimal,"  txji  F 
Pliny,  "  f.r  nlho  tiquofe  nvt  corporaltir,  cibus  ejus  ia  luteo  est." 
The  albumina,  however,  besides  the  office  thus  assigned  to  Gum, 
dischai^e  another  important  duty,  that  of  retaining  by  Ibor 
non-r  on  ducting  powers  the  vital  te  nape  rat  ure  of  the  cicatncuitf 
the  vitellus  also  would  seBin  to  answer  some  other  purpose,. « 
why  should  it  be  necessary  to  those  birds  ■(-  whose  pEireotsM 
«ednlou9ly  supply  them  with  nourishntent  1 

At  each  end  of  the  egg,  a  white,  shining,  semipellucid  bo^ 
is  inserted  into  th«  capsule  of  the  yelk,  which  extends  into  tbe 
aihumeu  in  which  it  fioats.  These  bodies,  from  thujr  suppoffid 
Tesemblaoce  to  hail,  have  gained  the  name  of  c/infaza:,  or  gnat- 
dines,  and,  from  having  been  formerly  regarded  as  the  sperm  of 
the  male  bird,  that  oi'ti-e/idies.  Bellini^  supposes  that  tkeyne 
composed  of  numerous  canals,  which  open  into  the  amnios,  a 
cicatriciifa,  and  send  out  their'  roots  into  the  white  for  the  pnpost 
of  tbrraing  a  communication  lietween  them.  Dr.  Monro,^  h«»- 
ever,  observes,  that  "  if  they  be  canals,  they  cannot  kafS'At 
least  communication  with  the  cavity  in  wWch  tlie  chick  readtt 
at  any  time,  or  in  any  state  of  the  egg,  otfaenvi$e  than  as  Atj 
«re  both  adhering  to  the  membrane  of  the  vitelius,  upon  whic^ 
or  within  which,  no  particular  fibres,  no  canals,  are  stretched  to 
tiie  deal ricuia,"  "  Tbe  chulaaa:,"  says  Harvey,  "  appear  to  be 
the  poles  of  the  microcosm,  and  serve  to  connect  the  decent 
parts  of  the  egg,  and  to  retnin  them  in  their  due  positioDi  li 
addition  to  suoh  an  otSce,  Derbam  ingeniously  conjcctuEM 
that,  as  they  divide  the  yelk  into  two  distinct  find  unsqiial 
hemispheres,  they  Eoust  preserve  the  cicatrintfa  (let  the  nsMtioB 
of  the  egg  be  what  it  amy)  in  the  same  situation  -  for  since  tin 
ehaiaaa:  are  specifically  hgliter  than  the  white,  the  yelk  is  ksyt 
buoyant,  and  the  cicatricuh ,  as  it  resides  in  the  smaller  heici- 
Bphere,  will  be  always  uppermost :  this,  in  my  opinion,  tc  ttie 
true  theory  of  the  use  of  the  efiafazx ;  for  such  a  structure  wffl 
not  only  preserve  the  ciuUricula  from  tlie  dangers  of  concussion, 
but  by  regulating  its  distance  from  the  source  of  beat,  it  niU 
ensure  for  it  a  more  completely  uniform  temperature  than  could 
otherwise  happen,  and  which  is  so  essential  to  the  evolulion  of 

*  The  ingeniouB  CKpeiimcaLH  uf  Sit-  ilatdiett  sBem  xo  gbmr  that  iUhiimt»  iktb  J 
fiaeaC  Suul  (nan  wliidi  other  hdjjiibI  piiiicj|diw  ma^  be  denvcd :  he  acctnditigljp  fmU  , 
thai  it  was  coBveai'akm>o  ffcMne  anH^fibrlne. 

■f-  PigemiB,  foi  (Sisntple,  whase  etops  Jolm  Hunter  ascertimfd  to  liectetc  a  peciiiK 
flitul  during  liie  breeding  iiaaon  for  tlie  »iiiib!Oaliae  of  Ihnr  young. 

$  Beilini  de  Motu  Cordii,  pTOp.  is. 

§  Jiloaio,    tJ£e  Im  woiki  published  by  hia  :ioQ,  l^din.  IIJJI. 
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the   animal,  that  the  smallest  irregularity  overthrows  the  nice. 
balance  of  the  different  actions  that  are  to  mature  it,  and  produces 
fetal  effects.     So  solicitous,  therefore,  was  Nature  to  rescue  the 
germ  from  the  consequences  of  cold,  that  she  has  ordained  othej 
provisions,  which  seem  as  effective  as  the  cha/aza,  for  the  preser- 
vation of  a  due  temperature.     Thus  is  the  cicatricula  on  all  sides 
surrounded  by  fluids*  which  are  extremely  feeble  conductors  of 
]ieat ;  these  must  necessarily  retard  the  escape  of  caloric,  and 
preyent  the  otherwise  destructive  chills   which  the  occasional 
absence  of  the  parent  might  induce.     The  eggs  of  other  animals 
appear  to  be  protected  by  an  analogous  apparatus.     Thus  the 
ova  of  frogs,  and  some  other  amphibia,  are  enveloped  in  spheres 
of  mucilage,  which  the  experiments  of  Spallanzani  show  to  be 
essential,  as  he  found  that  when  this  gluten  was  removed,  the 
egg  immediately  perished.'*     It  is  certainly  true  that  those  fishes 
who  retain  their  vitality  long  after  their  removal  from  the  water, 
as  eel  and  tench,  have  the  power  of  secreting  a  slimy  fluid, 
with  which  they  envelope  their  bodies  ;  while,  on  the  contrary, 
those  who,  when  drawn  on  shore,  quickly  die,  as,  for  instance, 
mackerel,  possess  no  such  faculty,  or.  at  least,  only  in  a  small 
degree.     Is  it  not,  therefore,  extremely  probable,  that  this  albu- 
minous matter,  by  repressing  evaporation,  and  preventing,  like 
the  fluids  of  the  egg,  the  escape  of  heat  by  its  nonconducting 
nature,  is  the  principal  cause  of  this  peculiar  tenacity  .of  life ; 
perhaps  a  prodigious  accumulation  of  fat  may  also,  under  cer- 
tain circumstances,  have  a  share  in  producing  this  efiect ;  the 
siluriis  glanis,  which  is  the  fattest  of  all  fresh  water  fishes,  for  it 
grows  to  the  weight  of  300  lb.  lives  very  long  after  being  taken 
out  of  the  water. 

Besides  fishes,  there  are  other  animals  who  protect  themselves 
irom  an  excess  of  heat,  or  cold,  by  ejecting  fluids  from  the  sur- 
.fiice  of  tlieir  bodies.  The  common  snail  is  mdebted  to  its  profu- 
sion of  slime  for  its  power  of  resisting  cold.  The  fable  of  the 
salamander  being  indestructible  by  fire,  owes  its  origin  to  the 
faculty  which  this  animal  possesses  of  discharging  from  the 
numerous  pores  which  are  scattered  over  the  surface  of  its  body, 
a  milky  fluid,  by  which  it  defends  itself  for  a  short  time  against 
•the  fury  of  the  flames.  There  is  an  account  in  the  Phil.  Trans. 
of  a  knight,  at  Rome,  who  cast  a  salamander  in  the  fire,  which  it 
put  out  twice,  and  lived  nine  months  afterwards  ! 

The  hen  bird  seems  instinctively  conscious  of  the  mischief 
that  would  accrue  from  an  irregular  or  diminished  temperature. 
She  is  often  seen  to  make  use  of  her  bill  to  push  to  the  outer 

Eart  of  the  nest  those  eggs  that  were  nearest  the  middle,  and  to 
ring  into  the  middle  such  as  lay  nearest  the  sides.    The  Egyp- 

*  This  gluten  is  not  of  the  same  consiste&oe  in  all  the  amphibia :  it  ii,  for  instance, 
more  abundant  and  viscid  in  fr(^  and  toadi  than  it  is  in  lixuds  and  newta. 
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tians,  however,  by  anice  adjustment  of  their  ovens,  or  mamak 
they  are  called,  succeed  in  hatching  a  great  proportion  of 
eggs  entrusted  to  their  care  by  artificial  heat.  The  celebrat_^ 
Reaumur  introduced  the  method  into  France;  and  Sir  James 
Hall  invented  a  regulating  stove  by  which  an  equable  tempera- 
ture might  be  easily  procured  for  the  same  purpose.  During  the 
period  that  I  was  at  college,  the  late  Sir  Busick  Harwood,  the 
ingenious  Professor  of  Anatomy  in  the  University  of  Cambridge, 
frequently  attempted  to  (levelope  the  egg  by  the  heat  of  his  hot 
bed;  but  he  only  raised  monsters,  a  result  which  he  attributed 
to  the  unsteady  application  of  heat.-|-  It  must,  however,  be 
observed,  that  deviations  from  the  correct  temperature  are  inja- 
rious  and  fatal  only  in  proportion  to  the  grade  of  vital  eneiay 
which  the  ovular  embryon  possesses.  Thus  we  learn,  from  tFe 
experiments  of  Spallauzani,J  that  the  eggs  of  insects  are  betlet 
able  to  sustain  the  vicissitudes  of  temperature  than  those  induced 
with  more  exalted  vitality.  Thus  it  is  that  the  eggs  of  cold- 
lilooded  animals  bear  with  impunity  such  an  increase  or  decrease 
of  temperature  as  is  sufficient  to  destroy  the  animals  themselies; 
for  Spallauzani  found  tiiiljtok's  and  frogs  perished  at  110°,  but 
their  eggs  only  at  133°. 

If  we  pursue  this  inquiry,  and  quitting  the  animal  kingdom 
descend  into  the  scale  of  vegetable  existence,  where  the  energies 
of  vitality  are  still  more  feeble  and  obscure,  we  shall  find  thi 
same  relative  power  of  sustaining  heat  or  cold  between  the  plant 
and  the  seed,  as  I  have  stated  to  exist  between  the  animal  and.' 
its  e^g. 

With  respect  to  the  relative  destructive  influence  of  viciasi^ 
tude  of  temperature  upon  the  egg  of  birds  in  difi'erent  stagesaf^ 
dev elopement,  it  would  appear,  from  the  interesting  e.'cperiiaeDti 
of  Reaumur,  that  it  is  more  destructive  in  the  eailier  stages  tf 
incubation,  especially  diminution  of  temperature,  but  that 
increased  heat  is  more  injurious  in  the  advanced  states  of  deve- 
lopement. 

Afler  having  related  the  agencies  of  heat  and  cold,  I  may   ' 
mention  that  hght  has  also  been  found  by  Michelotti,  |  ofTurin, 

»  The  irJiabiUnts  of  the  single  vilLae  BemiB,  situated  in  the   Delta,  bIiddI  W 

leaguts  frDia  C'airo,  ainong  whom  this  art  is  alone  ptactiaed,  give  life  by  ir f -t— 

tuunrn^i  to  tntr-lliinls  uf  Ihe  eggs  entraatetl  to  iheii  caie,  amounting  in  tniEB 
continues  but  for  six  months,  to  the  Bataoishing  sum  total  of  d?,G<)0,000.  Conieiltell 
firujn,  loin.  ii.  has  collected  the  Dbtet-vstions  t^many  travellers  on  this  subjeet.  Jithet 
Sichacd  also  gives  ua  an  interesting  account  of  the  same  an ;  and  Beaumuc  hn  pub- 
lished a  very  conipletB  work,  iltustiBted  -with  DnmerDuii  engravingB. 

-|-  Tha  ancients  were  acquainted  with  the  possibility  of  hatching  egga  arti&isllf. 
Pliny  (lib.  x.  cap.  35)  says,  that  e^i  laid  upon  beds  of  Htniw  in  a  warm  place,  uu 
after  being  regularly  turned  frum  time  tu  time,  would,  at  the  proper  period,  ^sclone  Ikt 
included  animal.  Pliny  moreOTer  statea,  that  liivis  hatched  a  chicken  by  the  mumlti  tt 
her  booom.  Gesner  and  Aldrorandus  have  collected  the  passages  of  the  sncieati,  uil 
those  of  the  authors  of  ihcit  own  time,  that  mention  the  method  of  hatching  ^gi  by  dung. 

X  SpaUaniani.     Tracli  on  the  Nature  of  Animals  and  Vegetables. 

§  Journal  dt  PbjiiquE,  Vsu' 
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to  exert  a  decided  influence  on  the  ova  of  animals  ;  he  placed 
tHe  eggs  of  different  species  of  phalccritB  in  transparent  and 
opaque  jars,  when  he  uniformly  found  that  those  in  the  black  jars 
%rere  first  hatched  ;  he,  therefore,  concludes  that  light  is  preju- 
dicial to. the  developement  of  the  egg:  thus  we  find,  says  ne, 
i^liat  the  eggs  of  many  birds  are  furnished  with  an  opaque  shelly 
CIS  those  of  birds,  and  that  if  it  be  delicate,  the  parent  deposits 
tiiem  in  dark  and  concealed  places/'  Before  any  conclusion  can 
l^e  legitimately  deduced  from  the  experiments  of  Michelotti,  it 
ought*  to  be  shown  that  the  temperature  in  both  jars  was  the 
;  for  unless  this  were  established  by  actual  experiment, 
might  be  inclined  to  draw  an  opposite  inference  from  the 
.^bfferent  radiating  powers  of  black  and  white  surfaces. 

{To  he  continued*) 
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Article  V. 

On  the  Expansion  of  the  Functions  f(x),  f(x,  y))f  {p^fy^  «)j  ^'^• 

By  Mr.  James  Adams. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

SIR,  Stonehotise,  near  Plymouth^  March  5fl82\» 

The  usual  method  of  expanding  the  fu notions /(j:),  /  (x,  y), 
fix^y,  z),f{x,y,  z,  v),  &c.  being  from  their  nature  very  trouble- 
some, I  beg  to  recommend  the  following,  which,  I  trust,  will  be 
found  more  convenient  and  expeditious ;  the  insertion  of  which 
in  the  Annals  of  Philosophy  will  oblige.  Sir, 

Your  humble  servant, 

James  Adams. 


Problem  1. — It  is  required  to  developed  (a),  or  any  functioa 
of  X. 

Let/(a:)  =  u;  then  place  the  symbols  d,  (P,  d%  &c.  succes- 
sively before  the  character  u  ;  likewise  the  symbols  d  and  A 
successively  before  the  assumed  series  x  -^  x^  +  x^  -h  x^  -{'  &c. 
together  with  the  corresponding  numerical  coeflScients  in  the 
following  manner : 

JJL  Ax  +  -Jl-H-^Ax^  +  ,    /r.  .  ^^'  +  &c.  we  shall  thea 

have/(x  +  Ao:)  =  «+  ^-^  A  x  +  -^^  A  x«  +  1.9.34^ 
A  X*  +  810. 
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Hence  we  obtain  y(x  +Aa:,  y  +  Ay,  2:  +  A2:)  =  m+A 
4-  B  +  C  +  D  +  &c. 

In  like  manner^  we  may  expand  the  function  y(x,  y,  x,  v),  for 
the  several  combinations  of  the  variables  absti'acting  the  numeral 
coefficients  are  as  follow : 

(x+y  +  «  +  t?)  =  j:+y-r«  +  v 

(x  +  y  +  2:+  vY  =  x^  +  xy  +  x«  +y*  +  XI?  -^-yz  -f  «®  +yi; 

(x  +  y  +  «  +  v)'  =  x*  +  X  y*  +  X  2;*  +  J^  V*  +  y '  +  y  x^  + 

y  «*  +  y  v^  +  ^^  +  &c.  to  20  terms, 
(x  4-  y  +  «  4-  v)*  =  J^*  +  j:"  y^  4-^5c  z^  4-  X  v^  +  y*  +  y  x^  + 

y  2^  +  y  v^  +  x*  +  &c.  to  35  terms. 
&c 

By  prefixing  the  symbols  A,  rf,  d%  rf%&c.  before  the  variables, 
x,y, «,  V,  and  w,  as  in  the  preceding  problems,  we  readily  obtain 
the  expansion  ofy'  (x,  y,  z,  v),  and  so  on  for  a  greater  number  of 
variables. 

In  the  foregoing  expansions,  it  will  be  observed  that  the  index 
of  the  symbol  d  placed  before  u  is  equal  to  the  sum  of  the  indices 
in  the  several  combinations  of  the  variables,  the  symbols  d  and 
A  are  simply  placed  before  the  variables  and  their  powers,  and 
the  numeral  coefficients  in  the  denominators  are  also  governed 
'  by  the  indices  of  the  variables.    Thus  the  differential  coefficient 

of  X®  y^  «♦  will  be  found  to  be  ,.    ». ,.   o  ow.    «  "o~«v  ^"o    ^   ,    .  . 

^  (I  .  2)  (I  .  2  .3)  (I  .  2  .  3.  4)  <?  ar«  .  d  yi  .  d  2* 

and  the  diflfereniial  coefficient  of  x*"  y*  x',  or  of  u,  will  be 

-_-_ rrr-z zrr^ ■    ,  ■ — 3—,  a  general  form  for 

three   variables,   which  may  be   extended   at  pleasure. — (See 
Woodhouse's  '*  Analytical  Calculations,"  p.  86. 

The  differential  of  a  function  being  the  second  term  of  its 
developement,  or  that  part  of  the  expansion  of  a  function  which 
contains  the  first  powers  only  of  the  increments  d  x,  d  y,  d  z, 
&c.  It  will  be  perceived  that  the  differential  of/(x)  consists  of 
one  term  of /'  (x,  y)  of  two  terms,  of  /  (x,  y,  z)  of  three  terms, 
&c.  Therefore  by  changing  A  x  into  d  x,  A  y  intod  y,  A  z  into 
d  z,  &c.  we  have 

df(x)=:  du  =  ^dx,df(x,y)z=zdu=i^  dx  +  ^dy, 
df{x,y,  z)=zdu=^^dx  +j^^y  +  ^^«,&c. 
—  d  X,  —  d  y,  &c.  are  called  partial  differentials,  and 
T-»  7->  T~>  8cc.  are  called  differential  coefficients. 

d »    ay    a  z' 
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Article  VI. 

Observations  on  Dr.   Prout's  Estimate  of  Mortality  from  the 
Operation  of  Lithotomy.    By  John  Yelloly,  MD.  FRS.  &c. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

DEAR  SIR,  CarrowAhbey,  Norwich^  March  30,  1821. 

I  BEG  to  notice,  through  tlie  Annals  of  Philosophy,  an  inac- 
curacy into  which  Dr.  rrout  has  inadvertently  fallen,  in  the 
statement  which  he  has  given,  in  his  valuable  work  on  the 
Diseases  of  the  Urine,*  of  the  mortality  occurring  in  the  opera- 
tion of  lithotomy,  in  the  Norfolk  and  Norwich  Hospital ;  and  in 
the  deduction  which  he  has  made,  as  to  the  mean  ratio  of  morta- 
lity from  that  operation,  over  the  whole  kingdom. 

Dr.  Prout  quotes  Dr.  Marcet's  published  account  of  the  cases 
which  occurred  in  the  Norfolk  and  Norwich  Hospital  up  to 
1816,t  and  infers,  that  as  the  mortality  which  took  place  in  indi- 
viduals below  puberty,  was  1  in  18,  while  that  in  adults,  was  1  in 
44-,  the  mortality  of  the  whole  must  be  1  in  ll^,  or  the  mean 
between  the  two  proportions. 

It  is  obvious,  nowever,  that  this  calculation  could  only  be 
correct,  if  the  number  of  deaths  at  those  two  respective  periods 
^ere  equal ;  but  as  this  is  not  the  case,  the  mean  ratio  can  only 
Ije  obtained,  by  dividing  the  whole  number  of  cases,  by  the  v/hole 
number  of  deaths,  which  Dr.  Marcet  does,  and  thus  gives  the 
mortality  as  1  in  7^^,  the  deaths  being  70  in  506  cases. 

Taking  this  as  the  accurate  proportion  of  deaths  in  the  Norfolk 
and  Norwich  Hospital,  up  to  the  year  1816,  (which,  from  my 
own  inspection  I  can  state  to  be  the  case,)  the  proportional  mor- 
tality, from  the  operation  of  Kthotomy  in  the  wnole  kingdom,  as 
inferred  by  Dr.  Front,  from  the  mean  of  that  in  the  Bristol, 
Leeds,  and  Norwich  Hospitals,  will  be  about  1  in  6^,  instead  of 
1  in  74,  which  he  states  it  to  be. 

I  remain,  dear  Sir,  yours  sincerely, 

J.  Yelloly. 

♦  Page  218.  f  Marcet  on  Calculous  Disorders,  p.  26» 
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ANNUAL  RESULTS. 


Barometer. 

Inches. 

Greatest  pressure  of  the  atmosphere,  Jan.  9.    Wind  E. .  30*72 

Least  pressure  of  the  atmosphere,  Oct.  22.     Wind  W.  . .  28-40 

Mean  range  of  the  mercury. 2*32 

Annual  mean  pressure  of  the  atmosphere 29*873 

Mean  pressure  for  180  days,  with  the  moon  in  S.  decli- 
nation  • 29-897 

Mean  pressure  for  186  days,  with  the  moon  in  N.  decli- 
nation   29-849 

Annual  mean  pressure  at  eight  o'clock,  a.m 29*887 

at  two  o'clock,  p.  m 29*882 

at  eight  o'clock,  p.m... 29-882 

Greatest  range  of  the  mercury  in  October 2- 190 

Least  ditto,  ditto,  in  August 0-780 

Greatest  annual  variation  in  24  hours  in  October 0-980 

Least  of  the  greatest  variations  in  24  hours  in  June  ....  0*360 

Spaces  described  by  the  oscillations  of  the  mercury ....  71*650 
Number  of  changes^   caused  by  the    variations  in  the 

weight  of  the  atmospheric  column 271 

Day  and  Night  Thermometer. 

Degrees. 

Greatest  thermometrical  heat,  June  26.     Wind  W 87*00 

cold,  Jan.  15.     Wind  N.E. .  . .  14*00 

Annual  range  of  the  thermpmeter  between  the  extremes.  73*00 

Annual  mean  temperature  of  the  atmosphere 50*13 

: r-  at  8  a.m. .  49*00 

at  8  p.m.*  48*77 

at  2  p.m..  55*61 

Greatest  range  in  June 47*00 

Least  of  the  greatest  ranges  in  October 25*00 

Annual  mean  range , 34*00 

Greatest  annual  variation  in  24  hours  in  June 30*00 

Least  of  the  greatest  variations  in  24  hours  in  December  14*00 

De  Luc's  Whalebone  Hygrometer. 

Degrees. 

Greatest  humidity  of  the  atmosphere,  15  times 100*0 

Greatest  dryness  of  ditto  on  July  1  and  25 33*0 

Annual  range  of  the  index  between  the  extremes 67*0 

Annual  ;nean  of  the  hygrometer  at  8  a.m.... «...  67*9 
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D^ees. 

Annual  mean  of  the  hygrometer  at  2  p.  m 58'4 

—  at  8, 2,  and  8  o'clock. .  . .  65'9 

Greatest  mean  humidity  of  the  atmosphere  in  January  . .  81*1 
Greatest  mean  dryness  of  the  atmosphere  in  June 51*3 

Position  of  the  Winds, 

Dayi. 

From  North  to  North-east 36:f- 

North-east  to  East .• 38^^ 

East  to  South-east • 54 

South-east  to  South • 26 

South  to  South-west 36 

South-west  to  West   *....,.,  51 

West  to  North-west 71^ 

North-west  to  North , 53 


366 


Clouds  agreeably  to  the  Nomenclature ;  or  the  Number  of  Days 
on  which  each  Modification  has  appeared. 

Days, 

Cirrus 208 

Cirrocumulus 199 

Cirrostratus 283 

Stratus 60 

Cumulus 186 

Cumulostratus 188 

Nimbus 170 

Generdl  State  of  the  Weather, 

Days.f 

A  transparent  atmosphere,  without  clouds 32 

Fair,  with  various  modifications  of  cloud 169^ 

An  overcast  sky,  without  rain 76 

Fog • • 64 

Rain,  hail,  sleet,  and  snow 83 


366 
Atmospheric  Phenomena, 

Number. 

Anthelion,  or  mock-sun,  diametrically  opposite  to  the  real 

Sun •  •  • .  1 

Parhelia,  or  mock-suns 34 

Paraselenae,  or  mock-moons 10 

Solar  halos 39 

Lunar  halos.. •••*••••••,.•• 24 

Bainbows^ perfect •••••••••••••••••.•«•*.,«.%«««*%%  V^ 
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,  Number. 

Small  meteors^  or  shooting  stars ^ 131 

Lightning,  days  on  which  it  occurred 14 

Thunder,  days  on  which  it  occurred 6 

Evaporation, 

Inches. 

Greatest  quantity  in  June 4'30 

Least  quantity  in  January  ...;».  ^ , 0*36 

Total  g-ipount  fojr  the  year 29*35 

Raifj,  8^c, 

Inches. 

,  Greatest  quantity  in  October 4*10 

Least  quantity  in.  March  . 0*46 

Total  amount  for  the  year  , * 25'75 

N.B.  The  barometer  is  hung  up  in  the  Observatory,  about  30 
feet  above  high-water  mark  ;  and  the  Self-registering  Horizontal 
Day  and  Night  Thermometer,  and  De  Luc's  Whalebone  Hygro- 
meter, are, placed  in  open-worked  cases,  in  a  northern  aspect, 
out  of  the  Sun's  rays,  and  10  feet  above  the  garden  ground. 
The  pluviameter  and  evaporator  have  respectively  the  same 
square  area  :  the  former  is  emptied  every  morning  at  8,  a.m.  after 
a  precipitation  of  rain,  into  a  cyUndrical  glass  guage  accurately 
graduated  to  1-lOOth  of  an  inch ;  and  the  quantity  lost  by  evapo- 
ration from  the  latter,  is  ascertained  at  least  every  third  day, 
and  sometimes  oftener,  when  strong  evaporations  happen  by 
means  of  a  high  temperature  and  very  dry  winds. 

Of  the  Pressure, — The  barometrical  or  mercurial  column  in 
the  course  of  the  year  has  shown  a  great  elevation,  and  an  unu- 
sual depression ;  the  former  occurred  in  January,  the  latter  in 
'October,  making  its  range  about  2^  inches.  The  mean  pressure 
is  l-125th  of  an  inch  less  than  it  was  in  either  of  the  two  preced- 
ing, years ;  but  the  average  of  all  the  monthly  ranges  2^  inches 
gfreater.  .  The  number  of  dxanges  is  nine  less  than  in  1819,  but 
it  exactly  agrees  with  that  of  1818.  For  180  days,  while  the 
moon  was  in  south  declination,  the  barometrical  mean  is  about 
l-20th  of  an  inch  higher  than  in  the  186  days  of  her  north 
declination.  Last  year  the  barometrical  mean,  or  mean  pres- 
sure, was  greater  wnile  she  was  in  north  declination,  than  while 
she  ranged  in  south  declination,  by  l-17th  of  an  inch.  This 
shows  nearly  an  equal  pressure  of  the  incumbent  atmosphere  for 
her  north  and  south  decUnation  during  the  last  26  lunations,  and 
has  but  little  tendency  to  establish  "  the  periodicity  of^atmo- 
spherical  changes,"  said  to  be  influenced  by  the  moon  m  the 
different  part&  of  her  complex  orbit,  unless  the  •  mean  results 
should  happen  to  come  out  moi^  {%.>'0\k\«i\:X^  \j^  \!si<^  biY^thesis, 
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by  confining  the  mean  barometrical  pressure  to  particular  phages 
of  the  moon,  which  we  have  not  now  time  to  investigate.  Thet 
aggregate  of  the  spaces  described  by  the  curve  was  greatest  in 
January,  and  least  in  July.  The  averages  of  all  the  observations 
at  eight,  two,  and  eight  o'clock  every  day,  precisely  agree  with 
each  other,  and  are  1-lOOth  of  an  inch  less  than  those  of  the 
preceding  year. 

Temperature, — ^The  mean  temperature  of  this  year  is  nearly  2*^ 
less  than  in  1819,  2|-°  less  than  in  1818,  and  0*41  of  a  degree  less 
tiian  in  1817  ;  but  about  1^^°  higher  than  it  was  in  the  ungenial 
year  1816.     The  maaimum  of  the  two  preceding  years  has  fallen 
off,  and  the  minirmim  this  year  is  considerably  lower  than  at  any 
time  since  February,  1816.    The  mean  heights  of  the  thermo- 
meter at  eight,  a.  m.  and  eight,  p.  m.  correspond  within  one- 
fourth  of  a  degree,  and  also  with  the  annual  mean  temperature 
within  l-J.^  as  usual ;  but  the  mean  at  two,  p.  m.  is  neariy  4°  less 
than  that  at  the  same  hour  .in  the  warm  year  1818.     Although 
the  sun  arrives  at  his  greatest  north  declination  at  the  summer 
solstice,  when  his  meridional  rays  in  this  latitude  are  incUned  to 
the  earth  .at  an  angle  of  about  62°  40',  and  have  a  powerful  effect 
upon  a  thermometer  exposed  to  them  und^r  a  clear,  sky ;  yet. a* 
[nonth  is  generally  taken  up  in  the  exhalement  of  the  earth's 
noisture  to  a  certain  depth,  before  we  experience  experimentally 
iie  greatest  monthly  mean  temperatufe  ;  because  the  earth  and 
■dr  do  not  receive  their  maximum  heat  till  the  latter  part  of  July.- 
^t  the  winter  solstice,  the  sun  has  his  greatest  south  decUnation^ 
«rhen  his  rays  are  incUned  to  us  at  an  angle  of  about  15°  44', 
md  have  then  the  least  power  upon  the  thermometer;  yet  we  do 
lot  experience  the  lowest  monthly  mean  temperature  till  Janu- 
ury ;  because  the  earth  has  not  w^holly  parted  with  the  heat  it 
obtained  in  the  summer  till  the  middle  of  this  month.   An  excep-^ 
tion  to  these  general  rules,  however,  does  sometimes  occur  at  the 
retrogression  of  the  seasons,  arising  from  untimely  weather. 

De  Luc's  Whalebone  Hygrometer. — ^The  mean  humidity  of  the 
adr  near  the  ground,  as  ascertained  by  three  observations  each 
day  at  eight,  two,  and  eight  o'clock,  appears  to  be  1°  (within. 
1-100)  drier  than  the  warm  year  1818  !  This  appears  incongruous 
at  first  sight ;  but  as  the  amount  of  rain  and  of  evaporation  is 
much  less  this  year,  the  ascent  of  vapours  must  have  been 
slower  and  in  less  quantities,  and  consequently  thelower  s^ra^w»> 
of  air  drier  upon  tfie  hygrometric  substance  of  the  instrument. 
Th/emean  at  eight,  a.  m.  for  the  last  three  years,  is  71*16® ;  and 
the  mean  at  eight,  p.  m.  72*83°. 

Prevailing  Winds, — In  the  table  containing  a  scale  of  the 
winds,  or  the  number  of  days  on  which  they  have  prevailed,  we 
see  that  they  have  blown  more  uniformly  round  the  points  of  the 
compass  this  year  than  in  the  years  1818  and  1819.  The  winds 
to  the  west  of  the  meridian  have,  however,  prevailed  longer  than 
those  on  the  eastern  si^,  by  about  oue-^nth:  oi  \!a!ft  -^Xic^a^^w^^ 
New  Series^  vol,  i.  2  a 
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and  those  to  the  W  and  SW  more  than  the  one-third  of  the 
period,  which  weheheve  to  be  generally  the  case  in  the  southern 
part  of  England.  The  winds  firom  E  and  NW  are  nearly  eoual 
m  their  duration ;  and  those  from  SE  prevail  a  less  time  ttiEui 
any  other.  The  NE  and  E  winds  prevail  mostly  in  the  winter 
months,  and  the  westerly  winds  in  the  summer.  The  uncomnum 
vicissitudes  of  weather,  and  anomalies  of  the  seasons,  chiefly 
depend  upon  the  prevalence  of  particular  winds,  which  long 
experience  has  taught  us.  That  there  is  some  nnifoimity  in  the 
duration  and  distribution  of  the  winds  round  the  compass  in  B 
series  of  years  is  demonstrated  hy  the  foregoing  proximate  scale. 
By  a  strict  attention  to  the  motions  of  the  modifications  of  cloud, 
we  have  been  recently  enabled  to  detect  more  frequently  the 
simultaneous  existence  of  several  currents  of  wind,  sometimes 
three,  and  often  ttoo,  crossing  each  other  at  right  angles,  at  other 
times  nearly  in  opposite  directions,  We  have  observed  that  the 
npper  currents  generally  prevail  over,  and  descend  into  the  region 
of  the  lower  ones  after  they  have  subsided.  The  number  of 
strong  gales  of  wind,  or  the  days  they  have  respectively  pre- 
vailed this  year,  is  as  follows :  N,3;KE,7;E,8;  SE,2;S,2; 
SW.  19 ;  W,  8  ;  NW,  3 ;  Days,  52. 

V.luutU. — Some  striking  coincidences  may  also  be  seen  in  the 
table  in  the  number  of  days  on  which  each  modification  has 
appeared  during  the  last  two  years,  the  strains,  cumulus,  and 
ntmbus,  diifering  most  in  the  days,  of  their  appearance  ;  and  the 
l^t  two  are  less  in  number  than  in  1819,  on  account  of  the  raios 
being  less  frequent.  We  have  nothing  particular  to  ofler  respect- 
ing the  modifications  of  clouds,  only  that  their  assigned  positions 
have  been  sometimes  reversed  in  changeable  weather.  Some 
remarkable  coincidences  also  appear  in  that  part  of  the  table 
under  Weather,  as  in  the  number  of  clear,  fair,  and  i-ainy  days. 
It  is  necessary  to  observe  here,  that  although  we  have  allowed 
only  83  days  for  rain,  yet  a  precipitation  of  rain,  hail,  or  snow, 
has  actually  occurred  150  days  out  of  the  366;  but  83  whole 
days  and  nights  is  nearly  the  ticue  it  has  rained  throu^out  tie 
year.  A  separation  of  the  time  has  also  been  made  for  the  i 
appearances  of  other  peculiarities  of  weather.  This  methodi;  I 
however,  is  attended  with  trouble  ;  still  we  shall  pursue  it,  a««l:  1 
is  probable  that  some  definite  results  may  be  obtained  from  it  at 
amture  period. 

Atmospheric  Phenomena. — ^Thunder  and  lightning  have  not  oc- 
curred so  often  this  yearasUietwoprecedingones;  butthe  number 
of  small  meteors,  or  shootiny;  stars  as  they  are  commonly  called, 
is  greater — of  131,  no  less  than  80  appeared  in  August.  On  the 
9th  of  this  month,  between  11  and  12,  p.m.  3a  shot  in  difierent 
directions,  three  of  them  were  caudated  while  passing  between 
the  constellations  Lyra  and  Ursa  Major,  their  sparkling  trains 
having  been  left  brilliantly  illuminated  for  several  seconds  of 
'  ■    "  ^^fti^Bw^g^^^a'i^ited bodies :  this 
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indeed  was  the  grandest  display  of  meteors  we  ever  remember  tb 
have  seen  in  so  short  a  period,  arising  from  the  very  gaseous  or 
inflammable  state  of  the  air.  The  solar  and  lunar  halos^  parase» 
Unity  and  parhelia ^  are  peculiar  prognostics,  which  seldom  fail  to 
indicate  approaching  wet  weather.  The  time  and  appearance  of 
ihiese/  and  other  atmospheric  phenomena ^  may  be  seen  pafticu* 
Itoly  described  in  our'  daily  remarks  on  the  weather,  alreadjf 
published.  The  amount  of  rain  and  of  evaporation  is  less  this 
year  than  it  has  been  for  some  years  past.  March  was  thi^ 
driest  month,  and  August  very  wet  and  windy. 
,  Variation  of.  the  Magnetic  Needle. — Further  observations  on 
ihe  diurnal  motion  of  the  ma^etic  needle  have  enabled  us  to 
determine  its  recession  from  its  greatest  western  decUnation. 
In  this  latitude  it  first  began  to  recede,  but  in  a  very  slow  man* 
ner,  in  the  middle  of  the  year  1819.  The  mean  westerly  varia* 
tibn  here  for  December,  1820,  was  24*^  31'  16'^ 

The  Planet  Venus, — ^This  briUiant  planet  excited  much  curio- 
sity among  the  inhabitants  of  this  town  and  neighbourhood  oii- 
Sept.  19, 1820,  when  she  was  distinctly  seen  with  the  naked  eye 
by  people  of  all  ages  assembled  in  the  streets,  &c.^  from  ei^nt^ 
a.  m.  till  she  was  near  the  western  horizon  in  the  afternoon.  She- 
was  seen  by  us,  without  the  help  of  a  telescope,  on  the  following^^ 
days  this  year:— Sept.  11,  12,  13,  14,  19,  26,  28,  and  30; 
Oct.  2,  3,  5,  6, 7,  8,  15,  17,  19, 20,  24,  and  30;  Nov.  2,  7,  16, 
and  28.  On  the  latter  day  she  was  40°  58'  45-7"  to  the  west  of 
Ihe  Sun's  centre.  In  the  morning  of  October  6,  Venus  wa& 
46°  15'  15"  to  the  west  of  the  Sun's  centre,  and  on  the  8th. 
following,  46°  25';  the  latter  was  the  greatest  distance  that 
could  be  obtained  from  a  nmnber  of  sights  taken  with  an  excel* 
tent  sextent  this  and  the  preceding  day ;  consequently  she  wa» 
then  at  her  greatest  western  elongation.  From  these  and  pre- 
vious  observations,  it  is  inferred,  that  this  planet  may  be  seen 
with  the  naked  eye  in  the  open  day,  particularly  when  on  the 
meridian,  in  all  that  part  of  ner  orbit  from  42°  on  either  side  of 
the  sun  in  clear  weatner.  Should  the  atmosphere  be  clear  at  the 
<iose  of  next  October,  or  the  beginning  of  IN  ovember,  when  she 
will  be  iaibout  42°  to  the  east  or  the  sun,  no  doubt  she  may  be 
then  seen  with  the  naked  eye  in  the  open  day,  and  for  som^ 
weeks  afterwards. 
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Article  VIII. 

Meteorological  Table.  Extracted  from  the  Register  kept  at 
Kinfauns  Castle y  N*  Britain.  Lat.  56°  23'  30'^.  Above 
the  Level  of  the  Sea  129  feet. 
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ANNUAL  RESULTS. 


MORNING. 

Barombter. 
Ob$ervations,  WintL 

Highest,   Jan.    9 SW 30-88 

Lowest,    Oct.  17    NW  ....  28-58 


Thgrmometer. 

Wind. 

June  26  W    ....  6|». 

Jan.    18 NW  ....    I* 


EVENING. 


Highest,  Jan.    8 
Lowest,  Got.  17 


SW 30-88 

NW 28*66 


ifeathsr.  Days, 

Pair 219 

Raihorsnow 147 

366 


June 25 '....  N  W  ....  fff 

Jan.lS NW....    ^ 

Wind.  Kaw. 

NandNB 19 

EandSS 9T 

SandSW 67 

WandNW 188 

366 


Extreme  Cold  and  Heat^  by  Six^s  Thermometer, 

Coldest,  Jan.  18,  Wind  N  W one  below  Zero 

Hottest,  June  ^26,  Wmd  N  W 79° 

Mean  temperature  for  1820 46*7427 

Result  of  two  Rain  Gauges,  In,  100 

Centre  of  the  Kinfamis  Garden,  about  20  feet  abore  the  level  of  theTsea 23-5 

-KJuaAuiwCMtle,  129  feet , 18*5 


^^^^^ 
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Article  IX. 

An  Account  of  an  Ascent  to  the  Summit  of  Mont  Blanc,  in 
August,  \%\Q.    By  Cap t.  J .  Undrell,  RN. 

(To  the  Editor  of  the  Annals  of  Philosophy,) 

SIR,  London,  March  2S,  1881. 

Having  seen  in  your  journal  an  account  of  an  unsuccessful 
effort  to  reach  the  summit  of  Mont  Blanc,  perhaps  you  may  give 
room  for  the  detail  of  a  prior  attempt  attended  with  better  fortune* 
The  letter  I  send  you  is  a  transcript  of  one  written  a  short  time 
after  the  ascent,  and  never,  as  you  will  perceive,  intended  for 
publication ;  but,  as  the  relation  may  excite  some  interest  from 
the  melancholy  event  attending  a  subsequent  failure,  you  may 
deem  it  worth  a  place  in  your  publication,  though  possessing  no 
requisite  for  a  work  sol^y  dedicated  to  the  purposes  of  science* 

I  am.  Sir,  your  very  humble  servant, 

J:  Undrell. 

DEAR  ■  Bemty  Aug.  29,  1819. 

You  may  feel  curious  to  have  the  detail  of  my  late  ascent  to 
Mont  Blanc.  I  need  not  remind  you  that  I  had  long  intended 
making  the  attempt,  but  rather  next  year,  upon  my  return  from 
Italy,  than  at  this  period.  In  truth,  when  I  left  Geneva  for 
•Chamouny,  on  the  4th  ult.  the  weather  was  so  unfavourable  that 
I  scarcely  expected  even  to  see  the  summit  of  the  mountain; 
and  when  the  following  day  at  Sallenche,  I  caught  a  glimpse  of 
it  at  sun-rise,  I  deemed  myself  fortunate,  as  it  became  in  a  few 
minutes  overcast.  In  the  afternoon  I  reached  the  Prieure,  the 
rain  faUing  in  torrents,  and  although  it  cleared  up  a  little  the 
next  morning,  all  the  heights  were  still  cloud-capt. 

On  the  7th,  from  that  singular  ice-bound  is.e,  called  the 
Jardin,  at  the  extremity  of  the  magnificent  glacier  of  Talefre, 
which  branches  to  the  eastward  from  the  upper  part  of  the  Mer 
de  Glace,  I  had  the  first  clear  view  of  the  top  of  Mont  Blanc^ 
which  is  thence  beheld  in  a  most  imposing  form,  rising  so 
abruptly  for  many  thousand  feet,  that  the  snow  cannot  rest  upon 
its  sides. 

On  the  8th,  the  weather  was  unsettled ;  and  on  the  9th,  I  set 
off  for  Martigny,  and  had  proceeded  seven  or  eight  miles  towards 
the  Tete  Noire,  when,  turning  to  take  a  kind  of  farewell  look  at 
the  mountain,  then  quite  clear,  as  I  was  a.bout  to  enter' a  path, 
which,  from  its  direction,  would  have  concealed  it  altogether ;  I 
all  at  once  determined  to  return,  and  make  an  attempt  the  ensu- 
ing morning.  My  guide,  Josef  Marie  Couttet,  who  had  attended 
me  in  every  excursion,  was  delighted  at  thia  resolutloa^  and. 
quite  con£dent  that  the  weather  wcnM  ipto^^  iwwxriJAfc''«k'^BSJ*»' 
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of  what  seemed  to  me  strongly  to  indicate  the  contrary.    The 

result  justitiecl  his  assumption. 

In  these  regions  there  is  no  barometer  equal  to  the  lacal  expe- 
rience of  the  inhabitants,  which  may  almost  invariably  be  relied 
on.  From  auguring  differently  of  appearances  on  quitting;' 
Geneva,  I  had,  as  stated  before,  postponed,  iu  idea,  the  attempt 
till  nest  year,  and  was  thus  imperfectly  provided  with  instni^ 
luents  which  cannot  be  got  at  Chamouny.  Old  Dr.  Paccud 
supplied  mc  with  all  he  had,  but  I  could  not  procure  any  goo4. 
barometers,  which  I  most  wanted. 

In  addition  to  Couttet,  I  engaged  live  other  guides,*  who  bed 
all  accompanied  two  American  gentlemen  a  short  time  befoH;, 
and  left  the  Piieuro  about  five,  a.m.  on  the  lOtb.  We  sooa 
jreached  the  base  of  the  mountain,  and  after  ascending,  aboB| 
an  horn-  and  a  half,  through  a  wood  of  firs  and  larches  to  tbi 
^ast  of  the  Glacier  dcs  Bossons,  reached  a  little  cottage,  tif^ 
highest  habitation,  where  we  breakfasted.  At  half-past  six,  mj. 
departed,  the  thermometer  being  then43°+;  thesun  sliming  briglj 
Tipon  the  Dome  du  Gofite,  and  the  western  heights  of  the  vallef 
of  Chamouny,  which  first  receive  his  rays  in  consequence  of  tl 
direction  of  the  mountains.  At  twenty  minutes  past  seven,  w\ 
stopped  at  a  large  stone  called  Pierre  Pointue,  from  whence  tlri^ 

Eath  to  the  "  cleniicr  gazon"  is  steep,  winding,  and  diffic^ 
aving  to  the  right  the  deep  ravine. by  the  side  of  the  Bossonf 
which  name  is  now  applied  to  the  whole  extent  of  the  glaci^ 
towards  the  Aiguille  du  Midi  and  the  Montague  de  la  Cot^ 
including  indeed  a  portion  of  what  is  properly  that  of  Tacontq 
It  was  half-past  eight  before  we  reached  the  last  land,;^  wlu| 
we  took  a  ladder,  which  is  con  stantly  kept  there  for  these  excm 
sionK,  and,  crossing  a  ravine  covered  with  loose  stpnes  an 
huge  fragments  of  rock,  ascended  the  Bossons,  overwhicb  COE 
gealedmass,  the  more  lofty  adjoining  glacier,  and  the  snows  abon 
mem,  our  future  path  lay.  Our  shoes  were  fitted  with  tf 
pons  used  on  such  expeditions,  without  which  it  would  have  b 
impossible  to  have  held  footing ;  and  we  had  also  long  starf 

"  Thiae  were  Pierre  Carrier,  Ale»is  Du  ^'nussoui,  MBthicu  BaJmaty,  Eugc 
CouKct,  cousin,  and  David  Couttet,  brother  oi'  the  principal  leader,  1  give  thdr  01 
method  of  spiilling  their  namen.  All  of  these  seem  to  have  alleniled  Dr.  DuHamda 
his  part; ;  and  the  fint,  an  excellent  iium,  with  two  others,  wlio  had  never  bet 
Httcnipted  the  ascent,  perisheiL  The  DtKtor  must  be  niiBtsken  in  oraerting  th&t  n 
Carrier  had  been  1 1  times  at  the  top  of  Alont  Blanc.  He  has  confounded  the  u&B 
cessfot  eSoTts  with  those  that  succeeded,  -which  arc  only  about  me  in  four  I  ghot 
add  thai  besides  the  above  guides,  there  wat  a  hard;  TOuCh  of  IS  who  accoinpanitd  I 
in  order  to  become  HCnuainted  irith  llie  nwd. 

f  In  taking  the  dincreut  tentpfratures^  Reaumur's  thermometer  was  used  ;  in  cn% 
verting  the  d^rees  of  which  to  those  of  Fahrenlieil'B  scale,  Ihe  frnctiona!  parts  tfi 
Jcgree  are  omitted.  ^^ 

t  In  ascending,  wesav  several  chamois  atno  great  distance  above  us,  leaping 
loci  to  rock,  with  inconceivabl;  agility.  Their  appearance  quite  agitaM]  my  gu 
Thrir  passion  for  following  this  poor  sniraal  ia  neareely  credible,  and  deriv™  adoit 
odMoentfaim  the  da]1fi;as  atteailaag  it.  Ttie  uiiaratiini  a(  a  fux-hunter  is  moe 
'AjCOmpaltd  with  tlie^fiwr  nfddiglit  wVicXi  ■^lejvsS.Bs  Ak  Oivmsi  <-^  ■&».  dwam™. 
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pointed  with  iron,  which  are  of  infinite  service  in  helping  you 
ODwardy  and  a  safeguard  against  falling. 

There  is  no  part  of  the  ascent  to  Mont  Blanc  which  I  consider 
80  perilous  as  that  from  the  Glacier  des  Bossons  to  the  rock 
called  the  Grand  Mulet,    Above,  for  a  considerable  space,  are 
the  prodigious  masses  of  ice  at  the  bottom  of  the  Aiguille  du 
Midi,  rising  to  a  vast  height,  and  frequently  overhanging  their 
bases  to  such  an  extent  as  .to  menace  witn  destruction  every 
thing  within  their  influence.     Some  of  this  fell  shortly  afiter  we 
had  passed,  and  an  enormous  quantity  seemed  likely  to  follow, 
and  soon  did,  as  will  be  shown  by  the  sequel.     At  half-past  10, 
we  re:^ted  upon  a  flat  space  of  ice,  or  rather  frozen  snow,  consi- 
derably higher  than  Mont  Br^ven,  which  is  more  than  8,300 
feet  above  the  sea,  where  the  thermometer  was  44^;  and  at 
15  minutes  past  11,  stopped  under  an  immense  quadrangular 
block  of  snow,  pendant  with  icicles,  and  perforated  in  a  most 
singular  manner.    The  hollows  were  full  of  water,  which  we 
•found  very  refreshing,  as  the  heat  was  almost  intolerable  from 
incessant  exertion.     The  thermometer,  suspended  in  the  sun, 
was  62°  ;  plunged,  it  sunk  to  23°.    The  dangers  increased  after 
leaving  this  place,  and  called  forth  all  the  vigilance  of  the  guide*, 
accustomed  from  their  infancy  to  cope  with  such  difficulties. 
Though  but  a  few  weeks  had  elapsed  since  they  were  here,  they 
found  a  vast  change  in  appearances,  and  were  obliged  to  proceed 
lyith  the  greatest  circumspection.     It  is  impossible  to  dojustice' 
.to  the  courage  and  zeal  of  these  people,  and  their  devoted 
attachment  to  the  persons  employing  them.    As  a  single  false 
step    would  have  been  fatal,  we  were  Hnked   together  with 
ropes  at  10  or  12  feet  distance  for  mutual  support.    The  route 
lay  through  masses  of  ice  and  snow,  heaped  confusedly  together, 
and  under  every  shape  and  form  imaginable.     Some  of  these 
were  wholly  ice,  and  so  hard  as  to  afford  great  resistance  to  the 
axe  with  which  we  were  frequently  obliged  to  cut  out  steps  for 
our  advance ;  others  seemea  in  a  state  of  half  congelation  \^ 
many  were  of  snow  quite  soddened,  of  great  relative  gravity,  and 
of  a  dark  hue,  from  the  moisture  imbibed;  and  some  appeared 
of  a  shining  white,  as  if  newly  fallen,  or  having  been  lately  preci- 
pitated from  the  upper  regions  of  the  mountain.      We  were 
obliged  to  pass  sidelong  over  many  of  these  huge  heaps,  incUned 
firom  30°  to  40°,  often  with  a  gulph  beneath  ;  and,  occasionally, 
upyirards,  upon  a  mere  thread  of  ice  dividing  the  cavities,  whose 
sides  sometimes  approaching  seemed  to  unite  at  various  dist- 
ances below ;  while  others,  receding  in  their  descent,  or  being 
quite  perpendicular,  presented  nothing  but  a  vast  abyss  whose 
termination  was  lost  in  darkness.     Any  thing  thrown  or  falling 
by  accident  intj  these  depths  sufficiently  marked  their  profun- 
dity.   We  derived  great  advantage  from  the  ladder,  for  many  of 
the  chasms  could  not  have  been  passed  without  it,  even  by  tlnA 
momUaineera  who  attended  me.    Tho^i^  ihe  ^\bX»sl<2i^  ^^\s^^^ 
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block  of  snow  before  mentioned  to  the  Grand  Mulet  in  a  alnit 
line  is  tripling,  it  took  ua  three  hours  to  attain  it  from  the  difin 
culties  of  the  asceut,  and  the  zigzag  direction  in  which  we  were 
forced  to  move. 

The  Grand  Mulet  is  a  rock,  or  rather  ridge  of  rocks,  nimiiac; 
towards  tile  Summit  of  Mont  Blauc  in  a  hue  about  SSW  an 
NNE.  It  lies  betrveen  the  chains  of  the  Droniedaire  and  tko- 
Dome  du  Guiit6,  bearing  S  from  the  first,  and  SW  from  ^ 
second.  The  intermediate  spaces  form  two  valleys,  bnt  of  unt* 
qual  eize,  from  the  closer  ajiproximation  of  the  Grand  Mulet  bi 
tne  Dromedaire,  and  its  continuation.  The  ascent  fram  ^ 
Prieuri?  18  from  70°  to  72°,  aud  from  it  to  the  top  of  the  moMi^ 
tain  about  60°.  It  has  little  appearance  of  vegetation-  a-ftl 
blades  of  common  grass  may  be  found  growing  in  the  angles  i 
the  crevices,  and  the  surface  is  covered  in  many  places  witha.i 
lichen,  of  a  bright-yellow  colour.  It  woidd  seem  that  nothiifg; 
living  would  choose  such  a  place  for  a  residence,  yet  my  guidw 
assured  me  they  had  seen  mice  upon  it,  and  this  is  ccatr 
finned  by  the  fact,  that,  upon  our  return,  one  of  them  killed  i 
weasel,  which  had  no  doubt,  in  some  manner,  made  liis  way ' 
thither,  to  prey  upon  those  animals. 

The  appearance  of  the  snow  towards  the  Dome  aud  AigoiUe 
du  Oofitc  is  singular  and  beautiful.  We  had  passed  overt, 
chaotic  mass  of  inequalities,  but  in  that  direction  there  is  a  stiil*^ 
ing  order  and  regularity.  The  chasms  run  invariably  neail|' 
.E  aud  W,  and  the  most  estetided  are  the  lowest  in  the  rangCK 
The  hne  formed  by  the  upper  part  of  these  rents  is  almoM 
strait ;  that  by  the  lowiir  or  detached  part  makes  a  curve  preasa^ 
downwards.  This  form  appears  the  cousequence  of  the  sitia 
tion  of  the  valley ;]  for  tlie  ascending  line  being  nearly  N  aai:i 
the  snow  will  natui'ally,  from  the  effect  of  gravity,  separate  in  O^ 
opposite  direction.  When  the  incumbent  mass .  becomes -toci 
heavy  to  support  itself,  it  breaks  transversely,  and  thus  m^ii 
those  almost  regular  columns,  as  1  should  call  them,  or  paralM 
lopipeds,  to  which  Saussure  has  given  the  name  of  Serac.  I^ 
inclination  and  configuration  of  that  part  of  the  mountain  i^toil 
which  the  snow  rests,  conduces  to  the  formation  of  these  blocla 
and  the  operating  causes  being  always  the  same,  the  eflTect  a 
course  will  be  so,  and  this  succession  of  uniform  masses  mm 
ever  continue.  The  Scrac  holds  iu  appearance  forycara,  as  UK 
snows  of  several  winters  may  be  distinguished  upon  it,  unbLjil 
yields  to  the  influence  of  circumstances,  is  resolved  into  smallfl 
heaps,  or,  perhaps,  descends  in  lavangesupoii  the  valley  bdom 
Thd  space  between  the  Grand  Mulet  and  the  chain  of  the  Dro 
Oiedaire  is  wholly  of  these  enormous  parallelopipeds,  butwitkoM 
any  regularity  of  line.  The  ascent  there  is  much  more  predpl 
tons  than  on  the  other  side,  and  the  waters  descending  from  il 
cocks,  wfaicJi  on  every  side  ate  almost  perpendicular,  produa 
~  "  B  frequent  and  less  \mifotm  c\vK\'i%as,  waft,  iii^twa'^'a-^ 
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of  much  of  diat  dazzling  whiteness  which  it  nsually  wears  at  such 
elevations.  The  thermometer  at  our  resting  place  at  three^  p.m. 
was  63^.  It  (lecUned  rapidly  with  the  sun,  and  at  half-past  five 
was  43^.  The  space  where  we  lay  is  on  the  S  W  side  of  the  rock, 
and  not  more  than  1 8  or  20  feet  by  5  or  6.  It  has  been  made 
somewhat  level  by  the  guides,  who  have  piled  loose  stones  on 
the  part  towards  the  precipice  as  a  protection.  It  was  an 
unpleasant  bed,  but  my  guides  slept  as  soundly  as  if  lodged  in 
the  most  comfortable  mansion,  and  witliout  being  in  any  way 
disturbed  by  the  thunder  of  the  avalanches  which  kept  falling, 
at  short  intervals,  chiefly  in  the  direction  of  the  Mer  de  Glace. 
One  of  these  men  had  lain  14,  and  another  11  times  at  the 
Grand  Mulct,  in  various  attempts  to  reach  the  top  of  Mont 
Blanc. 

At  half-past  one  next  day  (the  11th),  we  began  our  journey 
by  moonlight.  The  ascent,  though  frequently  steep,  is  not  dan- 
gerous, having  few  chasms ;  so  that  we  were  enabled  to  advance 
without  waiting  for  day-break.  We  were  linked  together  as 
before,  and  made  our  way  in  the  same  order,  the  pauses  of  rest 
being  delightfully  filled  up  in  contemplating  a  spectacle,  to  me 
BO  new  and  so  magnificent.  The  sky  at  this  elevation  appeared 
before  dawn  almost  black,  the  moon  and  stars  seeming,  as  it 
were,  sunk  into  the  firmament.  The  snow-topped  heights  shone 
as  if  coped  with  silver — a  broad  expanse  of  clouds,  undulated,  but 
motionless  and  resplendent  with  the  moon-beams,  was  stretched 
out  beneath  us,  in  the  midst  of  which  rose  the  bare  dark  pinna^- 
des  of  the  mountains,  like  rocks  heaved  up  from  the  depths  of 
ocean.  The  silence  and  soUtude  of  the  scene  aided  its 
effects,  and  induced  a  sensation  which  I  might  seek  in  vain  for 
languc^e  to  depict.  At  four,  we  reached  the  Petit  Plateau^ 
where  the  thermometer  was  11^.  The  acclivity  from  hence  to 
the  more  extensive  level  called  the  Grand  Plateau  is  between  30® 
and  35°,  the  snow  quite  hard,  and  without  many  irregularities. 
As  we  advanced,  the  Dome  du  Gofit^  appearea  magnificently 
above  us  ;  its  snows  formed  in  many  parts  into  prodigious  quacU 
rangular  masses,  placed  witli  uniformity,  and  bearing  some  resem- 
blance to  embrasures.  Behind,  we  had  the  nearer  range  of  the 
Savoy  and  Swiss  mountains,  brightening  with  the  rising  sun ;  and, 
fiu:  below,  fringed  with  its  exhalations,  the  long  blue  level  of  the 
Leman  Lake. 

At  six,  we  reached  the  upper  part  of  the  Grand  Plateau,  whose 
height  above  the  sea  is  fixed  by  Saussure  at  12,710  feet.  Here 
was  the  greatest  degree  of  cold  we  experienced,  the  thermome- 
ter being  5**  All  our  provision  was  frozen,  and  the  water  we 
Inrought  with  us  converted  into  ice.  The  sun  had  just  beamed 
upon  the  place  when  we  arrived,  and  during  the  hour  we  waitied 
to  rest  and  breakfast,  the  quicksilver  rose  nearly  16^.  Here  I 
first  began  to  feel  something  of  weariness  and  lassitude,  aAconii* 
ponied  with  a  want  of  appetite,  and  d\%Xa»Xj^  iox  'm'^^  s  <wA^ 
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perceived  that  these  sensations  were  participated,  more  or  leai^ 
by  nil  the  guides.  One  of  theon,  who  had  for  a  considerable  tim^ 
with  great  labour,  crawled  along,  was  left  at  our  departure  qukl 
exhausted,  and  asleep  upon  hisknapsack.  At  seven,  we  set  oil 
and  the  difficulties  in  a  very  short  time  far  exceeded  any  thatm 
had  hitherto  experienced.  The  route  is  to  the  left  towards  d 
Rocher  Rouge,  or  east  shoulder  of  the  mountain,  a  more  direct 
ascent  being  precluded  by  the  formidable  preci|>ice&  of  suo)^ 
wbich  lie  between  the  summit  and  the  Grand  Plateau.*  ISK 
inclination  is  in  many  places  ^0°,  and  the  snow  never  hardeM^ 
The  guides  complained  that  since  they  had  last  been  here,  it  hai* 
greatly  accumulated,  and  some  of  them  thought  that  all  « 
trouble  had  been  useless,  but  Couttet  was  quite  certain  of  sut 
ceeding,  though  we  sunk  above  our  knees  at  every  step,  aU 
were  sometimes  immei'sed  so  deeply  that  it  was  only  by  mnft 
exertion  we  could  extricate  oursplves.  The  wind,  which  ble4 
freshly  in  our  faces,  increased  tlfe  difficulty,  andobhgedus( 
every  rest  to  turn  quickly  to  leeiiiard  in  or^er  to  inspire  fre^ 
I  was  obliged  to  limit  every  advafice  to  25  paces,  and  even  th^ 

froduced  a  painful  throbbing,  with  great  acceleration  of  pulstf 
t  was  during  this  march  that  I  was  sa^rprised  to  see  a  bntteiflf^ 
upon  the  wing,  and  directing  his  course  towards  the  top  of  m 
mountain.  His  Higbt,  being  against  the  wind,  it  was  coca" 
qnently  the  effect  of  choice.  Tliis  was  the  only  insect  we  sa 
alive,  but  several  dead  were  picked  oiFthe  snow-  It  was  neM_ 
10  o'clock  before  we  reached  the  Rocher  Rouge,  from  wheucil 
on  the  right,  we  had  a  full  view  of  the  majestic  height  which  H 
were  now  certain  of  attaining.  Here  we  rested  a  short  time,  an 
soon  became  quite  refreshed.  The  day  was  remarkably  finflu 
and  the  thermometer  41°.  We  now  saw  the  guide  who  ha 
been  left  asleep  at  the  Grand  Plateau,  slowly  making  his  wi 
after  us.     Although  lie  was  not  wanted,  he  would  have  deenu 

his  credit  lost  had  he  not  gained  the  top ;  and  as  it  was,  sevet^ 

of  his  companions  expressed  great  contempt  for  the  "imbecille^ 
as  they  termed  him,  such  being  the  spirit  which  animates  the* 
brave  fellows. 

The  acclivity  from  the  Rocher  Rouge  f  is  easy,  not  above  25*1 

_"  I  cannot  gathraatwhat  part  of  the  ascent  Dr.  Du  Hamel  and  hisoimpanioni  n 
vith  Ibe  depiinikble  calamity  whicb  eadcd  ao  fatolljr  to  pooi  Carrier,  and  two  <d 
guides,  as  theaccoant  publiiihed  in  the  Anuuls  of  Pliihsuphij  does  not  mention  M  il-^i^— 
time  tlie  serident  occurred.  1  shauld  fancy  it  to  have  taken  place  eliorlly  after  quitdl 
the  Orand  Plateau,  und  advancing  lowaids  the  Rocher  Rnuge,  as  there  are,  or  wm 
for  the  appearance  of  the  snow  is  etemally  varying,  some  deep  chaHnis  to  the  left  in  t" 
direction,  with  many  precipitous  masses  on  the  other  liand  which  continue  for  a  coniid 
able  spare  upwards.  Portions  of  these  heaps  are  frc<iuently  detached,  and  hear  ev 
thing  before  theni,  when  set  in  motion  from  the  slipjiety  acdivity  on  which  theyrat. 
my  cunJBcture  as  to  the  place  of  the  misToniine  be  well  founded.  Dr.  Du  Hamel  m 
then  have  been  more  than  three  hours  and  a  half  from  the  Bummit  of  the  mourti 
which  then  seemed  u  near  to  him,  lodifiicult  is  it  to  judge  of  distances  at  these' 
tioM,  aad  with  such  obstructtDns  to  enunuitet. 

[r  I ijBve preserved  the  appella»itmB  p.\-Bi\  \i^  ftve  %ixAe*,  -n'tm^iasiniKiBKfe.i 
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and  without  cavities  ;  but  though  it  looked  attainable  with  little 
trouble,  scarcely  any  part  of  the  journey  was  more  painful.  I 
bad  not  before  been  very  much  incommoded  by  the  rarity  of  the 
air ;  but  now  I  felt  it  so  severely^  and  was  obliged  to  make  such 
frequent  halts,  that  it  was  almost  an  hour  and  a  half,  although 
the  distance  is  trifling,  before  we  conquered  it.  The  inconve- 
nience seemed  chiefly  attendant  upon  progressive  motion ;  for 
mere  exercise,  without  change  of  place,  did  not  much  afiect  me. 
The  surface  of  the  snow  toward  the  top  is  completely  waved,  like 
water  ruffled  by  a  slight  breeze,  or  rather,  perhaps,  like  a  heap 
of  sand  furrowed  by  frequent  showers ;  yet  it  is  the  opinion  of 
the  Chamounese  that  it  never  rains  upon  Mont  Blanc,  as  they 
observe,  whenever  this  takes  place  below,^  that  the  highest  rock 
visible  to  them  is  covered  with  snow.  At  so  many  thousand 
feet  above  the  curve  of  congelation,  it  cannot  indeed  be  other- 
wise ;  yet  a  cursory  glance  would  almost  induce  one  to  think 
the  contrary,  as,  independent  of  the  appearances  before  men- 
tioned, a  portion  of  tne  ascent  was  strewed  with  thin  shining 
{dates  of  ice,  like  water  arrested  in  its  passage  by  the  hand  of 
rost.  It  was  half-past  11,  a.  m.  exactly  10  hours  after  leaving 
the  Gi*and  Mulct,  that  I  had  the  pleasure  to  find  myself  upon  th.e 
summit  of  the  ancient  continent.  The  highest  part  of  Mont 
Blanc  has  been  said  to  resemble  in  form  an  ass's  back.  It 
is  a  narrow  and  almost  level  line  of  little  extent,  running  nearly 
E  and  W,  and  somewhat  higher  at  the  western  end,  curving 

fradually  towards  the  N  to  the  vertical  snows  above  the  Grand 
lateau ;  and  in  the  same  way  to  the  S,  to  the  prodigious  preci- 
pices over  the  valley  of  Entreves.  The  prospect  from^  this 
colossal  height  was,  as  may  be  expected,  immense,  and  only 
bounded  by  tlje  imperfection  of  human  vision.  The  weather 
was  beautiful,  the  air  quite  clear,  and  the  wind  between  the  S 
and  W,  which  is  what  generally  produces  or  accompanies  those 
optical  illusions  so  frequent  in  the  Alps,  when  distance  seem& 
annihilated,  and  objects  the  most  removed  appear,  as  it  were^ 
within  the  grasp.  To  the  E  the  eye  stretched  over  the  Mila* 
nese ;  to  the  SE,  to  the  Parmesan  and  adjacent  countries  ;  and 
S,  towards  Genoa,  and,  perhaps,  to  the  Mediterranean  ;  but  of 
this  last,  I  cannot  speak  with  certainty.  The  Apennines  inter- 
cept the  view ;  and  I  might  be,  and  probably  was,  deceived  in 
what  I  took  for  that  sea.*     A  large  portion  of  the  south  of 

crery  portion  of  rock  the  snow  has  not  covered.    A  ridge  near  the  Rocher  Rouge,  they 
jtenn  the  Petit  Mulet.     T^e  east  shoulder  is  properly  Mont  Maudit. 

*  In  £beU*s  ^*  Manuel  du  Voyageur  en  Suisse,''  it  is  stated  that  Mons.  Bourritt, 
with  his  son  and  three  guides,  reached  the  summit  of  Alont  Blanc  in  1788,  ^^  mafgri 
la  grile^^*  which  had  dispersed  the  rest  of  the  party ;  and  that,  descendingfor  shelter  to 
the S£,  Mons.  B.  had  ttom  thence  fancied  he  saw  the  Mediterranean.  Theascending 
Mont  Blanc  in  such  weather  as  described,  I  conceive  to  be  physically  impossible,  and 
useless,  from  obvious  reasons,  were  it  otherwise.  In  fact,  it  is  denied  at  Chamouny  that 
Moos.  B.  everwas  at  the  top  of  Mont  Blanc,  or  at  any  part  of  it,  whence,  ftom  the  form 
4)f  the  mountain,  the  Mediterranean  could  be  visible.  The  whole  biator^  i&  \sisidbk 
Ifmgiiad  MiiyrJh.  Paccaid,  And  the  oldguides  of  diamioaxKy. 
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France  was  distinctly  visible,  with  the  moat  distant  range  of  the 
Swigs  mountains,  and  beneath,  in  a  manner  under  our  feet,  the 
Mer  de  Glace  with  its  glaciers,  and  the  vaie  of  Chamouny, 
whose  inhabitants  were  clearly  seen  tliroush  a  telescope.  The 
Alps  had  a  very  singular  appearance.  The  height  from  which 
they  were  beheld  seemed  to  rob  them  of  their  character  u 
mountains ;  and  the  relative  elevations  of  the  greater  Dumber 
were  hardly  perceptible.  Except  Monte  Rosa,  which  towered 
with  nearly  rival  grandeur,  and  a  few  others,  the  whole  looked 
like  a  vast  expansion  bristled  with  rugged -inequalities,  whose 
tops  almost  invariably  ended  in  a  point.  These  pinnacles  ran  b 
various  directions,  but  in  lines  parallel  to  each  other,  formiw 
between  them  ranges  of  hollows  covered  with  snow.  Thii 
needle-like  termination  appeared  universal,  as  except  that  upon 
which  1  stood,  and  Monte  Rosa,  1  scarcely  perceived  an  excep- 
tion in  the  wide  extent  of  Alpine  region,  which  lay  under  t:^ 
view.  The  clouds  were  all  far  beneath,  and  quite  at  rest.  Maof 
were  below  themountain-summita;  some  up  n  them,  and  otben, 
altogether  detached.  Their  forms  were  wholly  semi  globular,  or 
rather  a  continuation  of  segments  of  circles,  the  extremities  of 
which  were  defined  with  perfect  exactness.  A  few  that  were 
nearly  separated  from  the  larger  bodies  were  completely  ronnd, 
and  seemed  like  small  globes  resting  upon  one  of  their  poles. 
These  clouds  were  all  nearly  opaque,  and  appeared  of  a  ouaky 
white,  luminous  at  the  edges ;  but,  just  before  I  left  the  top  of 
the  mountain,  when  the  sun  had  considerably  declined,  somii  of 
the  more  distant,  particularly  towards  the  east,  began  to  assume 


that  bright  empurpled  rose-hue  tint,  so  frequently  attendant  upon, 
and  1  bebeve  peculiar  to,  an  Alpine  sun-set.  The  sky  was  of  ft 
dark,  deep  blue,  many  shades  more  intense  th^i  when  viewed 
from  below.  This  colour,  which  approached  to  black  at  the 
zenith,  diminished  gradually  to  the  horizon,  where  it  had  a  kind 
of  violet  tinge.  Nothing  can  be  fancied  so  beautiful  as  the 
ethereal  concave,  arching  out,  if  I  may  so  express  it,  into  infi- 
nity, without  any  exhalation  or  impurity  of  earth  to  intercept  its 
mag ni licence.  There  was  a  something  in  the  scene  and  the 
situation — a  feeling  of  high-wrought  enthusiasm,  to  which  the 
mind  willingly  lent  itself,  seeming  to  stretch  beyond  the  wonders 
it  contemplated  towards  Him.  wlio  formed  them. 

I  remained  upon  the  top  of  Mont  Blanc  three  hours  and  ft 
half.  During  this  time,  the  alterations  of  temperature  ware 
continual.  The  wind  in  general  blew  strongly  from  the  SW,  bu^ 
at  intervals,  it  died  away,  and  a  milder  atmosphere  was  the 
immediate  consequence, 

When  we  first  arrived,  the  thermometer  in  the  sun  was  33*-; 
placed  upon  the  snow  with  the  same  aspect,  it  sunk  in  fin 
minutes  to  2y°.  Suspended  towards  the  K  in  a  cold  current  of 
air,  it  was  14°  ;  and  in  the  aanve  s^ot,  with  the  bulb  in  the  snon^  . 
"  !/  to  9°.     All  these  changes  looV.  ^\sit&\i*i^w(fe  xiai-iaj^ -   "^"i ' 
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greatest  degree  of  heat  we  experienced,  or  rather  seemed  to 
experience,  for  it  was  not  indicated  by  the  thermometery  was 
'  about  two,  p.m;  The  glare  of  the  sun,  from  which  we  had  no 
!  direct  shelter,  and  the  reaction  of  his  rays  becoming  more  pain- 
ful from  prolonged  exposure  to  them>  must  have  caused  tbisr 
^  sensation.  The  wind  afterwards  increased,  and  when  I  quitted 
.  the  summit,  the  thermometer  in  the  sun  and  full  air.  was  19?^ 
^  l!*his  is  a  much  greater  degree  of  cold,  and  a  more  extended 
Tariation  of  temperature,  than  was  felt  by  Saussure,  though  hit 
ascent  was  in  the  same  month  of  the  year,  and  only  a  few  day» 
earlier — ^a  proof  o#  the  changes  prevalent  at  such  elevations* 
That  eminent  philosopher  mentions  that  by  placing  himself  in  the 
shade,  he  was  able  to  see  the  stars ;  but  tnough  I  lay  down  nx 
the  snow,  and  had  my  guides  with  their  cloaks,  &c.  spread 
about,  so  as  to  form  a  kind  of  night  around  me,  I.  was  not 
equally  fortunate,  which  may,  pernaps,  be  attributable  to  the 
difference  of  wind  and  atmosphere.  Sound  is  imperfectly  con- 
Teyed  at  great  heights,  and  it  is  not  in  the  slighest  degree  reveiw 
berated  upon  Mont  Blanc.  I  caused  a  pistol  to  be  discharged 
sevei^al  times  at  various  distances;  but  the  cessation  of  thm 
report  was  instantaneous,  and  when  I  had  it  firedrinto  a  cavity^ 
in  the  snow,  and  lay  down  30  or  40  paces  off,  the  effect  wto 
tile  same. 

While  upon  the  summit,  I  sent  my  guides  to  break  off  some  of 
the  highest  visible  rock*!^  \ji  Europe,  which  is  considerably 
lower  towards  the  S£;  and  I  send  you  specimens,  with  some 
stone  vitrified  by  Ughtning,  which  is  occasionally  found  in  thst- 
direction.  This  is  the  only  efifect  of  that  element  discernible 
npOn  Mont  Blanc,  which,  by  its  form,  and  the  snowy  cope  witibu 
which  it  is  eternally  crowned,  is  shielded  from  its  influence.  At 
three  o'clock,  having  assembled  my  guides,  and  caused  them  to 
join  with  me  in  drinking  to  the  prosperity  of  Old  England^  we 
commenced  our  descent ;  and  in  an  hour  and  a  half  reached  the 
Grand  Plateau.  We  were  linked  in  ascending,  and  passed  the 
declivities,  which  were  not  too  precipitous,  by  gUding  down 
them  upon  our  haunches — a  method  attended  with  no  other 
inconvenience,  except  that  the  foremost  in  the  train  were 
covered  with  the  rubbish  raised  by  the  passage  of  those  behind;, 
In  this  manner  we  proceeded,  and  arrived  at  the  Grand  Mulet 
in  three  hours  and  twenty  minutes.  We  found  tliat  two. ava- 
lanches had  fallen  in  different  parts  of  our  path^  neither  of  theia 
indeed  very  large,  but  quite  sufficient  to  have  overwhelmed  thet 
whole  party. 

*  Dr.  Du  Hamel  is  mistaken  in  supposing  that  he  had  procured  pieces  of  the  '*  high- 
est visible  rock  in  Europe,"  that  being  situated  only  about  250  feet  below  the  top  of  the 
mountain,  but  several  thousand  abov^  the  spot,  whenoe  he  seems  to  have  got  his  speci- 
mens. This  rock  is  the  proto^ene  of  Prof.  Juzint^  but  the  Rocfaer  Ronge  is  graattie^ 
and  h88  a  red^lish  hue,  whence  its  name. 
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While  going  along,  I  could  not  help  fancying  that  a  k 
portion,  or  the  whole,  of  the  stnpendous  compact  body  of  si 
from  the  Grand  Plateau  downwards  might  be  contioually  an 
progressively  descending.  The  disposition  of  the  mass,  and  tht 
situation  of  the  chasms  always  lying  where  the  inclination  ift 
considerable,  with  the  general  appearance  of  the  whole,  su^ 
geated  the  idea.  This  is,  however,  but  a  mere  conjecture,  a^ 
even  were  it  otherwise,  it  is  not  ascertainable,  as  a  long  series  of 
years,  perhaps  ages,  must  pass  by  before  the  part  now  iipper> 
most  could  hnd  its  way  into  the  plains.  The  cold  at  the  Graitj 
Mulct  was  very  severe  during  the  night,  and  we  were  ver 
poorly  streened  from  it  by  tlie  slight  covering  which,  from  U 
rock  on  one  side  to  the  precipice  on  the  other,  we  had  htu 
obliquely  over  us. 

Atfive,  a.m.  on  the  12th,  we  set  offfor  Chamouny,  thepadi 
being  too  dangerous  to  make  the  attempt  till  perfect  day-li?hti 
Our  passage  was  impeded  by  a  tremendous  avalanche,  whii^ 
bad  fallen  upon  the  spot,  which,  as  I  stated,  it  seemed  to  threaten' 
as  we  ascended  from  the  glaciers  at  the  foot  of  the  Aiguille  dff 
Midi.  It  covered  an  extent  of  more  than  a  quarter  of  a  mila 
and  we  were  full  half  an  hour  iu  traversing  it.  It  was  niiK 
o'clock  before  we  reached  the  "  dernier  gazon."  My  eyes  hw 
now  become  much  inflamed,*  as  1  had  used  little  or  no  precai 
tion  to  defend  them  against  the  reaction  of  the  sua  from  tli 
glare  of  white  around  me,  the  scene  being  too  extraordinary  H 
Be  viewed  even  through  the  preservative  of  green  crape,  or  a 
other  medium,  and  1  scarcely  recollect  any  thing  more  pain 
'  than  the  first  flash  of  the  sun  upon  them  as  we  descended.  . 
half-past  10,  we  stopped  at  the  Chalet,  where  we  had  refireshei 
ourselves  two  days  before  ;  and  here  the  thermometer  was  65* 
At  half-past  II,  we  reached  the  bottom  of  the  mountain,  and  a 
noon  arrived  at  the  Prieure,  The  heat  in  the  valley  appeared 
intolerable  to  us,  though  only  72°. 

On  the  morning  of  the  16th,  the  affection  in  my  eyes  baTia 
ceased,  I  crossed,  with  my  old  guide  Couttet,  over  the  T^ 
Noire  to  Martigny,  and  thence  by  Bex,  ChiUon,  Vevay,  8cc.  t 

Lausanne,  where  I  arranged  my  notes,  and  sent  to  1 

little  account,  which  you  will  here  have  more  at  length.  I  feai 
however,  that  you  will  fancy  it  unreasonably  extended,  an 
wonder  why  any  one  should  take  so  much  pains  to  so  little  piu^ 
pose,  and  without  any  scientific  result ;  nevertheless,  as  th 
attempt  succeeded,  I  consider  myself  amply  compensated  foral 
the  dangers  attending  it ;  for  I  wished  to  contemplate  Nature  JQ 
her  mightiest  works — to  behold  the  clouds  from  a  region  above 

*  Having  acddentsUy  met  Cnpt.  U.  shortly  nfWr  bu  descent,  and  witneued  wtut ', 
has  BUted,  I  cannot  too  Blrongly  recommend  the  oduptian  of  ihoae  prcc  '    " 

owauona  which  he  n^Iected  to  CFbicrrc. — Edit. 
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thiem — and  to  see,  if  such  a  phrase  may  be^  peimitted,  how 
ijeaven  looked  from  one  of  the  pianacles  of  earth. 

I 

Ever  sincerely  yours, 

J.  Undbeli., 


Article  X. 

Further  Observations  on  the  Conq>arative  Advantages  ofillumi^ 
noting  by  Gas  produced  from  Oil  and  from  Coal.     By  ML 
.  Ricardo,  Esq. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

SIR,  J9ow,  March  21 ,  1921. 

1  AM  unwilling  to  intrude  the  subject  of  oil  gas  s^ain  upon- 
your  readers;  but  there  are , some  observations  made  upon  my 
former  paper  by  a  correspondent  in  the  last  number  of  the 
Annals,  to  which  I  must  claim  permission  to  reply.    This  gea- . 
tieman,  whoever  he  may  be,  has  said  morei  (unintentionally^  no . 
doubt)  against  the  management  of  coal  gas  companies  in  general, 
than  could  be  deduced  from  any  thin^  1  have  written.    My 
object  was  only  to  prove  the  inferiority  of  coal  gas,  wten  brought 
in  comparison  with  that  of  oil ;  but  he  has  shown  that  some  great 
mismanagement  exists  in  all  the  companies,  excepting  those  of. 
Sheffield  and  Derby ;  and  if  the  statement  respecting  the  latter 
be  correct,  the  management  of  the  Sheffield  Company  may  also 
come  in  for  its  share  of  blame. 

I  must  still  persist  in  my  assertion,  notwithstanding  your  cor- 
respondent diners  from  me,  that  the  advantages  attendant  on  the 
liondon  Chartered  Company,  are  greater  than  any  other  possess. 
It  must  be  allowed,  that  to  have  the  greatest  number  of  U^hts 
in  the  smallest  compass  is  the  highest  advantage  which  a 
gas  light  establishment  can  have,  f he  cheapness  of  coal  and 
Is^bour  is  of  little  benefit,  unless  there  is  an  ample  demand  for  the 
gas ;  and  what  place  is  likely  to  compete  with  London  in  this 
respect?  If  you  compare  this  Company's  main  with  the  number 
of  lights  upon  it,  I  should  think  no  provincial  city  or  town  could 
in  any  way  equal  it. 

Your  correspondent  says,  that  the  selling  price  of  coal  gas  at 
Sheffield  is  upon  the  average  lOs.  6d.  per  1000  cube  feet,  and  at 
this  price,  it  yields  a  profit  of  10  per  cent.  He  then  asks  some- 
what triumphantly,  what  I  shall  say,  when  informed  that  at 
Derby,  gas  is  sold  at  7s.  6d.  per  1000  cube  feet,  and  that  the 
Company  "  calculates"  to  share  a  profit  of  10  percent.?  To thia 
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_'ean  only  reply,  that  withoat  doubting  your  correspondent'^ 
veracity,  I  must  beg  leave  to  doubt  the  fact  till  the  Compaa^ 
calculation  is  realised ;  besides,  if  Sheffield  retail^  ita  gas  ij 
10s.  Qd.  with  a  profit  of  only  10  per  cent,  there  musL  be  som^ 
extraordinary  and  unaccountable  advantages  attendant  on  Derby! 
or  fiotne  gross  mismanagement  on  Sheffield,  as  I  cannot  see  W&[ 
the  latter  should  not  be  able  to  sell  their  gas  as  low  as  tb 
former,  and  at  that  rate  the  profits  ought  to  be  nearer  60  p« 
cent,  than  10  per  cent.  From  a  paper  now  before  me,  thr 
Derby  Company  appears  to  be  but  very  recently  establishei 
and  the  promoters  of  it  are  making  their  calculations  by  antict 
pation.  One  circumstance  I  beg  to  mention,  where  I  conceit 
them  to  be  completely  in  error ;  and  if  their  calculations  of  pra| 
are  made  from  such  data,  they  will  certainly  be  deceived.  TUa 
paper  states,  that  1000  cube  feet  of  coal  gas  are  equal  to  TOIba.. 
of  candles.  This,  I  believe,  is  at  variance  with  every  recorded 
experiment  that  has  been  tried,  and  more  particularly  with  thoa^ 
of  Mr.  Accuni,  one  of  the  chief  promoters  and  warmest  advo^ 
cates  of  coal  gas  establishments.  In  my  former  paper,  I  haw 
CTven  the  result  of  his  trials  on  this  subject,  and,  according  t^ 
uiem,  supposing  these  experiments  to  have  been  made  will 
candles  six  to  the  pound,  instead  of  eight,  each  candle  lastinj 
MS  hours,  a  pound  would  be  equal  to  24  cube  feet  of  coal  ga 
so  that  1000  cube  feet  would  be  equal  to  somewhat  less  tha 
42  lbs,  instead  of  70  lbs,  as  stated  in  the  Derby  report. 

Your  correspondent  next  draws  a  comparison  between  n 
calculation  of  the  expences  of  oil  gas  and  the  Sheffield  Coalgsi 
but  I  cannot  admit  that  one  of  the  former  is  equal  only  to  Ihr^ 
of  the  latter :  I  am  convinced  it  is  fully  equal  to  four,  in  drawin 
the  medium  between  the  two;  and  aflowing  it  to  be  aa  one  1 
three  and  a  half,  I  trust  I  have  made  every  necessary  allowance 
In  that  case  1000  cube  feet  of  oil  gas  which  cost  30s.  would  sed 
for  the  same  pric«  as  3,600  of  coal  gas,  instead  of  3000;  tb&ttt 
1/.  !6s.  9rf,  yielding  a  profit  of  ^2  per  cent,  instead  of  lOp 
cent,  as  stated  by  your  correspondent. 

I  am  wiUing  to  allow  that  some  of  these  calculations  show 
better  on  paper  than  in  reahty,  and  that  there  are  always  som 
great  and  unavoidable  expenses  which  cannot  be  immediatiJ^^ 
foreseen,  but  which,  however,  it  becomes  necessary  for  a  new! 
established  Company  to  guard  against  by  a  high  price.  Tin 
may  always  be  much  more  easily  lowered  than  raised ;  bnj 
whatever  these  contingencies  may  be,  they  must,  from  the  naturs 
of  the  two  establishments,  be  greater  in  the  coal  than  in  the  oiE 
la  estimating  the  profits,  it  must  always  be  done  with  the  const- 
deration  of  a  certain  demand  for  a  given  number  of  hghts:  inte* 
rest'on  capital,  and  expences  of  management  to  a  certain  extent,'j 
must  be  incurred,  whether  there  are  few  or  many  lights  reqnired  J. 
but  when  these  are  properly  balanced  by  the  demand,  a  pro^ 
Jij^pmximati»g  to  what  I  have  Gite.tedL'caa.-j  b&  %'K.^cted. 
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Your  correspondent  says,  that  the  more  unpleasant  the  gas  is, 
the  more  readily  is  its  escape  detected.  I  am  very  willing  to 
allow,  that  though  not  so  unpleasant  as  coal  gas,  oil  gas  is  quite 
enough  so  to  insure  detection.  The  only  question  in  dispute 
then  IS,  which  may  be  procured  the  cheapest.  I  think  I  have 
proved  that  the  advantages  rest  with  oil  gas ;  but  even  suppos- 
mg  it  were  as  expensive  as  coal  gas,  its  superiority  in  every 
other  respect  will,  when  its  use  is  as  lyell  known,  give  it 
a  decided  preference.  I  have  subjoined  a  table  of  the  cost  of 
gas  at  12  different  estabhshments.  This  has  been  kindly  fur- 
nished me  by  a  friend,  who  undertook,  from  their  printed  rate 
eards,  to  mate  the  necessary  calculations,,  and  which,  I  believe, 
may  be  strictly  depended  on  for  their  accuracy.  This  table  will 
be  a  sufficient  proof  that  in  estimating  the  selling  price  of  gas 
generally  at  155.  per  1000  cubic  feet,  1. have  not  been  so  wrong 
as  your  correspondent  has  assumed ;  but,  on  the  contrary,  that  my 
estimate  has  been  too  low  instead  of  too  high.    The  average 

J  rice  for  the  1 2  establishments  quoted  is  16*5.  lOd.  instead  of  155. 
have  been  unsuccessful  in  naj'^  endeavours  to  procure  rate- 
tables  either  of  the  Sheffield  or  Derby  companies^  I  have  seen 
a  printed  paper  from  Derby  which  states. the  iiitenlion  of  the 
promoters  p(  that  establishment  to  sell  gas. at  75..  6d.  per  1000 
cubic  feet ;  but  I  have  seen  no  document  from  which  it  can  fee- 
inferred  that  they  actually  do  so  sell  it. 

Were  I  to  hazard  an  opinion  on  thecauseof  such  small  profits-' 
as  are  generally  known  to  accrue  even  from  gas  establish- 
ments which  make  high  charges,  I  should  attribute  it  to  the 
injudicious  mode  of  charring  U)r  light ;  namely,  by  the  number 
of  burners  used  instead  of  by  the  quantity  of  gas  consumed  ;  in 
the  former  way,  there  is  no  check  upod  the  consumer;  and 
every  one  v^ho  walks  the  streets  in  the  evening  must  observe  the 
extravagant  waste  of  gas  in  the  different  shops — an  extrava- 
gance which  does  not  benefit  the  consumer,  while  it  very 
seriously  injures  the  Company  providing  the  gas.  This  might 
be  obviated  by  the  use  of  the  gas  meter:  the  perfection  to 
which  this  machine  is  now  brought,  and  the  correctness  with 
which  it  registers  the  quantity  of  gas  that  passes  through  it, 
win  ensure  its  preference  over  every  mode  of  estimating  the 

J  rice  of  gas  both  to  the  Companies,  and  the  consumers,  if  it 
ecame  generally  adopted. 


New  Seiies,  \oi,  i. 


Comparative  Vieu:  of  OH  aiid  Coal  Gm.         fBlt«i, 


le  of  the  Prices  at  iclnck  das  h  cfiaTgcdprr  1000  Feel,  Cflfcw- 
*,liiti'ilJ'roin  flie  Rales  of  various  I'laces,  Caking  the  large  Argmd 


rjiBurHer  aiitU  \0  o'Clocl:  as  the  Standard,  and  rcckoiiingik 
'^i^on.mmptiaii  of  Gas  at  Jive' Ciidic  Feet  pet  Uour  fof'tliA 
""  '  the  Number  of  Hours  in  one  Year  to  be  IIO&,  » 


^'Burner,  and 

K  the  A: 


•ragef)rZVA  Dai/s. 


""^^ 


Leeds  

Ediiibul'gli  . 
Newcastle  . . 

Batb 

Worcester . 
Chorley . . . . 
Preston  . . . . 

Liverpool . . 

Bristol 

Chester ,  . . 
Oxford 


0  0 

4  0\ 

4  0/ 

10  0 

12  0 

14  6^ 

14  6/ 

16  0) 

16  0( 

16  0( 

It  0  ' 

12  0 


s.  i. 
14  * 


16   4 
Iff  18 


le  average' charge  for  1000  cube  feet  oftlie  ,12  tow.ns  is  16s.  IM. 

P.S. — Since  writing  the  above,  1  haye  tieeu  sticceasiy.  in 
oljtaining  a  Sheffield  rate  card.  Calculating  uu  the  same  scalM 
the  others  have  been  done,  1  find  the  cost  of  gas  is  17a.  per  lOIW 
cube  feet  instead  of  Vis.  as  stated  by  youi'  correi.poi]deat.  Tie 
Iiighest  discount  which  they  allowed  is  ^0  per  cent-  on  luge 
payments:  tlii^,  taking  the mediuui,  would  average  the  g^«l 
\i>s.  2d.  instead  ,of  10a.  6(/.:  the.quautity  spld  by  the  i^eter  ataiy 
of  the  works  is  so  small,  I  understand,  that. no  calculation  un 
be  m<ide  froBi  that,  mode  of  charging.  The  difficulty  ivn^s? 
friends  have  had  in  procuring  me  Uie  inte  carde  lias  niade.W 
30  late  in  trail amUUng  this  paper  to  you  ;  and  tins  la&t,.of  ^fU^ 

field,  the  most  impoi'tant  of  all,  I  havt;  only  obtained  1^^ 

'ng.     I  am  aware  that  the  time  of  your. receiving  cominuuic 
has  elapsed;  1  cannot  any  longer  encroach  upon  your  iu( 
gence ;  and  instead  of  rewriting  the  paper  altogether,  whic 
should  not  be  able  to  do  for  this    month's   insertion,  I  mtut' 
request  you  will  insert  this  aa  a  postscript.     Although  I  ent«^ 
tained  some  very  considerable  doubts  of  your  correspondeot't 
correctness,  I  did  not  like  to  express  them  till  1  had  satisfact 
proofs  instead  of  mere  surmise ;  these  are  furnished  by  the 
table  before  me ;  and  the  charge  which  your   correspond) 
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lirought  i^ainfit  me  of  not  obtaining  better  information  before  I 
estimated  the  price  of  gas  ^  what  I  did  in  my  former  paper,  may 
cmrtaidiy  be  retorted  upon  him,  for  not  having  made  his  state^ 
jDBents  more  correct  than  he  has  done.  I  am,  however,  indebted 
to  him  for  affording  me  an  opportunity,  not  only  of  confirming 
iBjr  former  statement,  but  of  snowing  that,  instead  of  exaggerat- 
ing the  superiority  of  oil  gas  in  point  of  economy,  I  have  under- 
ffttted  it,  and  that  its  advantages  are  much  greater  than  I  had 
iityself  conceived  before  I  entered  into  this  more  complete  inves-- 
ligation.  Had  it  been  practicable,  it  would  not  have  beea 
vmateresting  to  have  shown  what  dividends  are  paid  by  the 
mbcre  enumerated  Companies ;  how  many  pay  10s.  per  cent. ; 
hem  many  pay  more  ;  now  many  pay  less ;  and  how  many  pay 
none  at  sdl. 

I  am,  yours,  &c.  M.  Ricardo. 

March  8S,  18S1. 


Article  XI. 

fUmarhs  on  Capt,  Katef-^s  Experimenls  on  the  Length  of  the 

Pendulum. 

(To  the  Editor  of  the  Amiak  of  Philosophy.^ 

SIE,  * 

As  notices  of  Capt.  Kater's  experiments  on  the  length  of  the 
pandulum  have  occasionally  appeared  in  your  journal,  the  fol- 
lowing remarks  relative  to  that  subject  may,  perhaps,  be  allowed 
a  place  in  it.     I  am,  &c.  &c.  ^* 

An  article  appeared  in  the  Edinburgh  Review  for  Iforember, 
'M20,  giving  an  account  of  Capt.  Kater's  experiments  for  deter- 
^mining  the  length  of  the  pendulum  at  different  stations  in  Great 
'Britain  ;  and  the  writer  has  made  some  observations  which  seem 
^  be  founded  in  an  erroneous  view  of  some  of  Capt.  Kater's 
'Statements.     At  p.  343,  the  following  passage  occurs  :  - 

**  Capt.  Kater  seems  to  have  mistaken  the  import  of  Dr. 
Young's  statement,  when  he  uses  this  correction  for  the  attrac- 
tion of  the  '  elevated  part  interposed  between  the  general  surface 
and  the  place  of  observation^  nothing  being  said  of  lateral' 
attraction  caused  by  surrounding  matter.  But  Capt.  K.  applies 
the  correction  for  the  error  produced  by  hills  lying  round  the 
point  of  observation." 

On  this  passage  I  have  to  remark,  that  Capt.  Kater  does  nof 
■apply  the  correction  for  the  error  produced  by  hills  lying  rourut 
the  point  of  observation.  Indeed  the  only  proof  which  this 
writer  brings  to  support  his  charge  \a,  t\i^.l  G^cjl*^*  «w:j^,  ''^  *^^ 

2b2 


On  Capt.  Kattr's  EijiviimeiUs  on  the  Pendulum.  [MaM 
height  of  the  station  at  Unst  was  found  to  be  28  feet  above  low 
water ;  wheur.e  we  have  0'12  /or  the  correction,  as  deduced  from 
the  squares  of  the  distances  fiom  the  earth's  centre ;  and  as  Uk 
station  at  Unst  was  surroifnded  by  hills  composed  of  sei'peotiae, 
I  shall  take  0"  1'2  x  4.  =  0-06  for  the  correction  to  be  apphed  b 
order  to  obtain  the  number  of  vibrations  which  would  be  made 
at  the  level  of  the  sea.-(Phil.  Trans.  1819,  Port  III.  p.354.)_ 

Here  it  is  surely  obviqua  that  he  introduces  the  cousideratiea 
of  the  nature  of  the  hills  surrounding  liis  station,  not  for  the  pur- 
pose of  applying  a  correction  for  ttteir  attraction,  but  as  aSord* 
jng  a  presumption  of  what  might  be  the  nature  of  the  subatratnoj 
of  the  place  of  observation  ; — a  consideration  which  Dr.  Youngs 
rule  requires  to  be  introduced,  as  the  correction  varies  not  only 
with  the  nature  of  the  eminence,  but  also  with  its  density. 

Having  thus  attempted  to  wake  outthat  Capt.  K.  has  mistaken 
and  misapplied  Dr.  \.'s  rule,  this  writer  next  proceeds  to  6nd 
fault  with  the  quariliti/  deduced  from  the  rule.  After  quoUng 
Dr.  Y.'fi  account  of  his  correction  from  the  Phil.  Trans.  1819, 
Part  I.  p.  93,  and  stating  that  the  correction  for  a  tract  of  table 
land  of  a  mile  in  thickness  will  be  -j^  of  the  whole  correction 
for  elevation  ;  he  proceeds  to  remark,  "  If  this  be  the  case,  we 
cannot  perceive  the  grounds  on  which  Capti  K.  takes  ±,  only  a 
little  lees  than  -^-jf^  ibr  the  correction  applicable  to  an  elevatlcn  of 
28  feet,  in  the  actual  state  of  the  superficial  inequalities.  We 
may  have  overlooked  some  step  in  hia  reasoning,  or  Dr.  Y.'b  ; 
but  we  feel  bound  to  state  our  difficulty  as  it  occurs." 

There  is  doubtless  some  difficulty  in  the  case;  but  from  Dr. 
Y.'s  own  words,  it  appears  that  he  considers  "  that  for  a  place 
situated  on  an  elevated  table  land  of  a  mile  iu  thickness,  of  the 
mean  densifj/  of  the  earth,  the  allowance  for  elevation  would  ht 
reduced  to  one-half;  and  iu  almost  any  country  that  could  be 
chosen  for  the  experiments,  it  must  remain  less  than  three 
fourths  of  the  whole  correction  deduced  immediately  from  Uie 
duphcate  proportion  of  the  distances  from  the  earth's  centre." 
Thus  the  connection  (as  Capt.  K.  remarks)  will  vary  according  to  | 
the  nature  of  the  elevation,  and  also  its  density  from  one-half  to 
three-fourths  of  the  quantity  before  deduced.  In  aiiu  situatioo 
it  will  not  be  reduced  less  than  one-half;  nor  more  than  three- 
fourths.  These  considerations  seem  to  have  been  overlooked  by 
this  writer;  still,  however,  L  do  not  mean  to  assert,  that  the 
number's  are  absolutely  correct.  It  is  to  be  wished  that  both 
Capt.  K.  and  Dr.  Y,  had  given  a  more  detailed  account  of  Uie 
method  of  finding  this  correction. 

In  a  subsequent  page  (347),  this  writer  observes ;  "  from  the 
great  disturbmg  force  at  Arbury  Hill,  we  may  infer  that  there 
exists  very  near  it  a  mass  of  matter  of  consideinable  density. 
Capt.  K.  conjectures  that  this  mass  i>  Mount  Sorrel,  which  con- 
sists of  granite,  and  other  rocks  of  primUive  formation  are 
ted  in  its  vicinity." 
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■  Now  here  it  is  to  be  observed,  that  Capt.  K/s  conjecture  is 
misrepresented,  as  will  be  clear  •from  a  reference  to  his  own 
words,  Phil.  Trans.  1819,  Part  III.  p.  425: 

"  It  would  be  no  improbable  conjecture,  that  the  sudden 
increase  of  gravitation,  observed  at  Arbury  Hill,  may  be  occa- 
stoned  by  a  rock  of  primitive  formation  apprcachitig  the  surface 
of  the  earth  in  tlie  vicinity/  of  that  station." 

He  then  subjoins  in  a  note,  *'  I  find  the  conjecture  I  have 
hazarded  remarkably  supported  by  fact ;  for  on  consulting- 
Smith's  Geological  Map  of  England,  it  appears  that  Mount 
Sorrel,  a  mass  of  graAite,  is  situated,  together  with  other  rocks 
of  primitive  formation,  about  30  miles  to  the  N  of  Arbury  Hill.'* 

This  is  surely  very  different  from  saying  that  the  attracting- 
mass  is  Mount  Sorrel.  That  rock  is  obviously  mentioned  only 
to  show  the  probability  that  grahite  may  form  the  substratum  of 
some  point  near  the  place  of  observation. 


Article  XII. 

Proceedings  of  Philosophical  Societies. 

■  t 

ROYAL    SOCIETY. 

April  o. — A  paper  was  read,  **  On  the  Separation  of  Iroa 
from  other  Metals,"  by  J.  F.  W:  Herschel,  Esq. 

Mr.  Herschel  proposes,  as  the  ba^is  of  a  rigorous  separation 
of  iron  from  the  metals  not  precipitated  by  sulphuretted  hydro- 
gen which  it  most  usually  contaminates  (manganese,  cerium^ 
nickel,  and  cobalt),  apecunarityin  the  peroxide  of  iron,  in  virtue 
of  which  it  is  incapable  of  subsisting  in  a  neutral  solution  at  the 
boiling  temperature.  If  a  solution  of  this  peroxide  be  neutral- 
ized when  cold,  and  then  heated,  a  portion  is  deposited  in  the 
8tat6  of  a  subsalt,  and  the  liquid  becomes  acid.  If  allowed  to^ 
cool,  and  again  neutralized,  a  fresh  portion  of  the  metallic  con- 
tents separates  on  re-applying  the  heat,  and  so  oh,  till  the  quan- 
tity hela  in  solution  is  no  longer  sensible  to  the  most  dehcate 
reagents.  If,  on  the  other  hand,  the  neutralization  be  performed 
while  actually  boiling ^  we  attain  this  limit  at  one  operation. 
Hence  Mr.  Hferschel  recommends  the  following  process  :  Having 
peroxidized,  by  means  of  nitric  acid,  a  solution  containing  iron 
and  any  ofthe  above-mentioned  metals,  drop  into  it,  while  boil» 
ihgj  carbonate  of  ammonia,  till  the  acid  reaction  is  entirely 
destroyed,  and  even  going  a  little  beyofid  the  point  of  exact  neu^ 
tralization.  The  whole  of  the  iron  to  the  last  atom  is  sepa- 
rated, while  the  liquid  retains '  in  solution  the  other  metallic 
oxides,  as  well  as  the  minute  portionaf  their  carbonates  due  to  a 
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irijiiag  excess  iij'-tiie  alkaUne  prcci^iiiaia,     la  the  cafies  of  cobalt 
asid  ceuuoi,  t^alkftliiie  carbonate  Tans  be  added  in  consid«BI 
blc  excess  witbout  scpareting  any  of  those  metals,  and  tii^ 
solutioQ  so  freed  from  irou  is  then  a  most  delicate  test  of  the  pr 
Mence  of  tti«  latter  inetit). 

April  VJ:. — A  paper  ipas  read,  Oa  the  Mean  Density  of  ti 
Earth,  by  Dr.  C.  Hritton.  ■«_ 

At  the  same  meeting  a  paper  was  vead.  On  the  Restorationwr 
a  Portion  of  llie  Urftbra  in  the  f  erinEeum,  by  H.  Eajle,  Esq. 

GEOLOGICAL   SOCIETY. 

Veb.  16. — All  introductory  essay  on  the  Geology  of  India,  ^jj| 
H.  T,  (Jolebrooke,  Esq.  MGS,  was  read.  ' 

The  physical  geology  of  India  may  be  considered  as  vesolviagti, 
itself  into  three  great  divisions;  viz.  l'.  The  peninsular  tnelu 
which  constitutes  the  south  of  india ;  2.  The  belt  of  flat  couotqU 
■  extending  from  sea  to  sea,  and  distinguished  by  the  nametf' 
Middle  India;  3.  The  continental  mountains  which  formths' 
northern  hmit  of  India,  rising  between  the  middle  region  and" 
the  vast  extent  of  Tartary,  and  extending  more  than  15°  of  lon- 
gitude in  a  direction  from  WNW  to  ESE. 

In  the  champaign  countrj-  constituting  middle  India,  three' 
principal  divisions  may  be  noticed;  1.  The  tract  watered  by  th^ 
Ganges  and  its  tributary  streams;  2.  ATractwateredbythelnduij 
and,  3.  The  intermediate  desert,  on  which  the  Saraswatfi  loses' 
iteelf. 

Of  this  country,  a  striking  feature  is  the  total  absence  of  pebbly 
or  rolled  stones  of  any  kind,  except  in  the  beds  of  the  rivers,  &~ 
a  few  miles  after  they  quit  the  hills ;  and  the  subsoil  of  the  plail 
is  every  where  eaithy  and  comminuted,  except  in  «ertail 
instances,  where  nodules,  or  concretions,  have  been  found.        : 

Throughout  this  extensive  plain,  there  is  neither  mine  nd 
quarry ;  the  banks  of  the  river  bein=;  usually  precipitous  on  on 
side,  and  shelving  on  the  other,  exhibit  sections  of  strata  doM 
to  the  level  of  their  beds.  Scarcely  any  otiier  natural  sectioaif 
found  ;  and  the  sinking  of  wells,  or  boi-ing  for  watef,  is  the  oc' 
opportunity  which  art  presents  for  the  examination  of  strata. 

The  surface  is  every  where  alluvial,  and  the  Strata,  as- i&r  .,^ 
they  have  been  observed,  are  horizontal.  Beneath  the  8upe4 
cial  mould  the  subsoil  is  sand,  clay,  or  l,oam  m  layers  more 4 
leas  intermixed,  and  distinguished  by  colour  or  texture.  Ib  ^k^^ 
inferior  strata  of  clay,  nodules  or  concretions  of  the  same  sok 
staoce  are  sometimes  met  with.  The  upper  strata  of  siUceoH| 
sand,  as  well  as  that  found  in  the  bed  of  the  Ganges,  genefaU 
abou(Kl  in  fragments  of  mica ;  but  in  some  places,  beds  of  sen 
contaminated  with  salt,  and  in  others,  beds  exclusively  compoM 
of  salt,  arc  found. 

la  a  very  few  spots,  and  at  no  e^eat  depth  below  the  surface 
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Dodules  of  a  calcareous  nature  and  irregular  shape  are  met  with/ 
which,  on  calcination,  afford  an  impure  lime ;  but  (throughout 
the  low  country y  limestone  is  generally  deficient.  A  sma'l  hill  at 
M^snihari,  in  iSforth  Bengal,  being  one  of  the  few  instances  of 
detached  hills  in  the  midst  of  thischampaigne  country,  is  a,  rock 
composed  of  rounded  pebbles  and  angular  nodules  imbedded  in 
a  cement  of  like  nature,  but  different  colour.  Both  effervesce 
widi  acids,  and  the  cement  leaves  the  larger  insoluble  pro- 
portion^  ...  .  ,       . 

In  some  places,  at  a  considerable  depth  below  tlie  surface ; 
for  instance,  at  Calcutta,  at  the  depth  of  30  to  35  feet,  fossil 
wood  not  petrified,  but  more  or  less  rotten  and  decayed,  is 
found,  and  sometimes  in  large  blocks.  Vegetable  petrifactions 
are  also  sometimes  met  with,  and  in  particular  siiicihed  wood*  - 
-  Except  fragments  of  shells  abounding  in  the  fluviatile  sand, 
no  animal  exuviae  have  as  yet  been  found  within  the  limits  of 
the  low  country  of  Middle  India. 

March  2. — Fart  of  an  "  Outline  of  the  Geology  of  Russia," 
by  the  Hon.  W.  I.  H.  F.  Strangways,  MGS.  Was  read. 

Of  the  Russian  empire,  the  two  great  divisions,  viz.  Russia, 
properly  so  called,  and  Siberia,  must  be  considered  in  a  geolo- 
gical point  of  view,  as  perfectly  independent  of  each  other,  the 
same  boundary  dividing  the  two  6ountries,  and  the  two  tracts  of 
secondary  formation  belonging  to  them.  The  empire  contains 
five  principal  mining  districts ;  viz.  two  in  Europe,  two  in  Asia, 
and  one  on  the  confines  of  Russia  and  Siberia.  Those  in  Euro- 
pean Russia  are  the  northfrn  or  Finnish  district,  ^nd  the  central; 
the  £Drmer  teaching  from  the  gulf  of  Bothnia  to  the  lake  Onega; 
the  latter  stretching  across  the  country,  in  ajo:  oblique  direction, 
from  the  scovernment  of  Kulouffa  to  that  of  Nishe2:orod.  The 
border,  or  Oural  district,  comprehends  the  Oural  mountains  as 
far  as  they  have  been  explored.  The  two  mining  districts  that 
lie  entirely  within  the  frontier  of  Siberia  ^re  thos.e  of  Kolyvan,  on 
the  west  frontier  of  China,  aud  Nerchinsk,  on  the  frontiers  of 
China  and  Siberia  .towards  the  Pacific  Ocean.  . . 

In  traversing  Russia  from  north  to  south,,  we  find  a  great 
extent  of- primitive,  country  comprehending  Russia,  Lapland, 
Old  and  New  Finland,  the  northern  parts  of.Carelia,  and  part  of 
the  government  of  Olonetz,  and  forming  evidently  a  prolongation 
of  that  of  Sweden,  with  which  its  connection  may  be  traced  by 
the  Isles  of  Aland,  on  the  sWith  by  those  in  the  centre  of  the 
Ghilf  of  Bothnia,  and  by  the  Ldjiland  chain  of  mountains  on  the 
north.  Of  this  district,  the  northern  parts  are  said  to  consist 
principally  of  trap  rocks,  the,  central  of  gneiss,  and  other  varie- 
ties of  schistose  rocks ;  while  the  northern  border  is  composed 
eaiirely  of  granite. 

The  islands  of  Pargas  in  the  Gulf  of  Bothnia,  about  two  miles  • 
south  of  Abo,  present  in  general  the  same  features  as  the  main 
land^  being  in  fact  butooQUnuatlon^  oiti[ie\iiK\ft  o^^<&c.^\!L^OK>saB^^ 
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On  one  of  the  principal  uilands  of  this  group,  the  miueral,  knowai 
by  the  uanie  of  pargasite,  is  found  in  one  or  more  large  veins  o6s 
white  primitive  Umestooe  which  ti'averge  the  island  from  side  ta> 
side,  and  which  seem  to  bear  some  analogy  with  respect  to  thwr- 
geoiogioat  situation,  and  their  external  characters,  to  the  lime- 
stone of  the  Hebrides,  especially  in  the  Isle  of  Tirey,  The., 
country  through  which  this  limestone  passes  is  gneiss,  the 
fissures  of  wHch  are  in  a  direction  parallel  to  the  course  of  thei 
vein.     The  breadth  ofthe  vein  varies  from  20  to  100  feet.  ■ 


ASTRONOMICAL    SOCIETY. 

^jri713. — A  paper,  from  Mons.  NicoUet,  ofthe  Royal  Obaer--^ 
vatory  at  Paris  (communicated  by  the  Foreign  Secretary),  was' 
read   this  evening :   it  contains  his    own  calculations    of  ike-it 
elements  ofthe  comet  lately  discovered  by  him  iu^the  Consteilft*  / 
tion  Pegasus;  they  are  as  ibllows,  viz.  ,  c 

Perihelion  passage,  March  21 9°     33'    7"  Paris  time 

Perihelion  distance 0-09U13 

Log.  Perihel.  dist 8-9595327 

Longitude  of  ascending  node 48°  32'    12" 

Longitude  of  perihelion  (on  the  orbit)  239     18     37 

Inchnation  of  the  orbit 74     10     53 

Motion  retrograde. 

.  A  piiper  likewise  on  the  same  subject,  transmitted  to  the 
Society  by  Dr,  OJbers,  one  of  its  associates,  was  read ;  it  con- 
tained the  following  elements  calculated  by  Professor  Encke,  of, 
Seeberg.  by  Professor  Nicolai,  ofManheim,  and  by  Mons.  Von 
Staudt,  of  Gottingen. 


Perihel.  passage  . . 

Long,  of  perihel.. . 
Log.  perihel.  dist. . 
Long. ascend. node 
luclmation  of  orbit. 


Mar.  21.  405 
M.T.  Seeberg. 
23H°  20'  46" 
8-95966 
48  34  37 
74      3       0 


Prof.  Nicolu. 


Mar.  21.  6016 
M.T.Manhein 
239°  34'  i>' 
8-96466 
48  43  34 
73     23     15 


M.  Vol 


Mar.  21.6 
M.T.  Gottingl^ 
239°  36'     0"«- 
S-9(i41627 

48     45     44 
73     16     33 


Motion  retro  sn-ade. 


liJti  this  paper  also  allusion' is  made  to  the  anomalous  appear-, 
ance  lately  observed  on  the  moon's  disc,  of  which  it  will  be., 
remembered  that  an  account  was  presented  to  the  Itoyal  Society . 
by  our  countryman  Capt.  Kater,  The  Doctor,  however,  difIeK 
from  the  British  philosopher  as  to  the  cause  of  the  phenomenal 
and  does  not  consider  it  volcanic,   i 

A  Description  of  an  improved   Repeating  instrumeat,   byJ 


i 
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read.  Its  advantages  over  others  are  obtained  by  applying  a 
tcansverse  axis  to  the  telescope  and  declination  circle^  thereby 
ivin^tfaem  all  the  perfections  of  the  tl^nsit  instrument^  without 
iminishing  their  repeating  properties ;  and  by  the  application  of 
two  levels  alternately  becoming  finders  to  the  telescope,  which 
render  the  back  semicircle  unnecessary,  a  contrivance  which 
saves  much  loss  of  tim6  when  repeating  zenith  distances.  The 
instrument  is  also  constructed  to  repeat  in  azimuth',  and  is  fur- 
nished with  a  very  delicate  level,  as  a  check  upon  the  horizontal 
circle^  and  which  answers  all  the  purposes  of  an  under  telescope. 
The  object  glass  of  the  telescope  is  of  two  inches  diameter,  and 
17  inches  focal  length :  with  it  the  pole  star  may  be  distinctly 
observed  in  the  day  time.  The  angles  are' read  off  to  every 
tenth  second  by  verniers  and  fixed  microscopes.  The  instrument 
differs  from  all  others  previously  made ;  is'  famished  with  every 
requisite  for  ascertaimng  vertical  and  horizontal  angles,  and 
which,  if  taken  singly,  may  be,  in  the  author's  opmion,  as 
correctly  obtained  by  this,  as  by  any  instrument  of  the  same 
dimensions  not  possessing  the  repeating  principle.  . 


Article  XIIL 

SCIENTIFIC    INTELLIGENCE,   AND    NOTICES    OF    SUBJECTS 

CONNECTED    WITH    SCIENCE. 

I.  Purple  Potoder  of  Camus. 

Dr.  Clarke,  of  Cambridge,  has  recently  examined  the  purple  pow- 
der of  Cassius ;  and  from  his  experiments,  he  concludes,  that  the  binafv 
compound  which  he  analvsed  consisted  bf  the  oxides  of  tin  and  gold, 
and  contained  these  oxides  chemica^y  combined  in  the  exact  propor- 
tion of  three  parts  of  tin  to  one  of  jgofd;  and  that  the  alloy  of  the  two 
metals  obtained  by  the  fusion  of  100  parts  of  the  purple  powder 
would  yield 

Metallic  tin, 75 

Metallic  gold 25 

100 
Because  S-lOths  of  a  grain  of  the  alloy  yielded 

Metallictin 0;6 

MetallicgoW ;. 0^ 

0*8 

Dr.  Clarke  also  infers,  that  in  precipitating  the  purple  powder  of 
Cassius  from  the  muriate  of  gold,  by  means  of  the  muriate  of  tin,  the 
two  metals,  tin  and  gold,  are  thrown  down  as  oxides,  which,  however, 
do  not  chemically  combine  in  a  constant  relative  uropcTrciqn  tp'eadi 
other;  tliat  the  quantity  of  tin  always  eiM^^Ai^X^^^'^^^''^^^^^^ 
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the  difierence  observable  in  the  hues  of  the  precipitate  nade  at  diflMv 
ent  times  is  to  be  ascribed  ta  the  difR?rent  pcopordoiis  in  which  the 
asides  of  the  two  metjEihi  have  cotnbined  together,  audi  perhaps,  ti»o 
to  their  diffisrent  degrees  of  oxidation. — (Transactienai^the  Cambridge! 
I%ilosophical  Society.) 

•  -  r 

#  f 

II,  Quantity  of  Copper  raised  in  CornxnalU  • 

» 

4 

In  Six  Months^ending  June  18194 

The  prodii€eof58  mines,  3327  tons;  of  which,  17S6  tons  were  pro- 
duced by  six  mines  as  under : 

(he.  Copper. 

Unitedmines 5005  tons.,  v 4d  94^  tons 

W.Abraham,  &c 5496 395 

Dolcoath 4704? 34^4- 

Treskerby 2313 197 

Wheal  Squire 2353 195i 

Crennis. 2407  183i^ 


22278  1736 

Produce  of  the  ore  about  74  per  cent. 
Price  of  copper,  131/.  per  ton. 

In  Six  Months  ending  Dec,  1819. 

The  produce  of  74  mines,  3477-  tons ;  of  which,  17G8  tons  were  pro- 
duced by  six  mines  as  und^r : 

Ore.  Copper. 

United  mines 5817  tons 482  tons 

W.Abraham 5655  395 

Dolcoath 5305  375 

Wheal  Squire. 2053  188 

Treskerby 2170 185 

Wheal  Unity,  &c 1873 143 

2287S  1768 

Produce  of  the  ore  about  74  per  cent. 
Price  x)f  copper  124/.  per  ton. 

In  Six- Months  ending  June  1820. 

The  produce  of  65  mines,  3545  tons ;  of  which,  1760  tons  were  pro- 
duced by  six  mines  as  under : 

Ore.  Copper.     ■ 

United  mines '5798  tons 511  tons 

Dolcoath .........    5438  406 

W.  Abraham,  &c.^ .    5298  ....  364 

Treskerbrjr. .- 2206 223 

Wheal  Uhity,  &c 1693  iSO 

Wheal  Squire.. ... :...    14J5 .'.  126    • 

ilsii  .  .17^    . 


N     k 


\  ♦      \- 
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•  •••II  m 

In  Six  Months  endino[  Dec.  IS20,  \' 

The  produce  of  72  mines  S962  tons^  o£  which,  1891  tons  were  j^Or 
diiced*  bf  «ix  mines  afi  under :  •  /:      . 

Ore.  Poppet,.  , 

United  mines 5594  tans 461  tons. 

Dolcoath 5665  » . . .  ^  v  ««   i-OS 

Wheal  Abraham,  &c. . .  5069  , ...   388 

Treskerby 2199  213 

Wheal  Drewollas........  20.74?. .........  -^05 

Pembroke 2612  .  . &91 


23213  1891 

Produce  oTthe  ore  about  S-^  per  cent. 

Price  of  copper,  113/.  lO^.  per  ton.  , 

General  Return  of  Copper  raised  in  England  andlrddnd^ 

One  Year  ending  June  iSl9. 

Tons.     Cwt.    Qr«.     . 

Cornwall 6974*  S  5    =. 

Anglesea 564f  0  lO 

Devon 433  0  0 

Ireland,  Ecton,  and  other 

mines    in  Staffordshire  .  •    •  -. 

and  elsewhere* 596  10  S    . 


0 , 


8567  13  J:  . 
One  Year  ending  Jiine  1820.  ' 

Tons.  Gvt.1'  Qnw 

Cornwall 6915  4  1 

Anglesea 561  0  0 

Devon 414  0  0 

Ireland,  Ecton,  and  tuther 

mines  in    StalFordshire 

and  elsewhere* 813  11  1 


8703     15.     2 


III.  Native  Hydrate  of  Magnesia, 

The  native  hydrate  of  magnesia  was  first  discovered,  and  ranked  as 
a  separate  mineral,  by  the  iate  Dr.  Bruce,  of  New  York.  \t  was  found 
only  atHoboken,  in  New  Jersey,  traversing  serpentine  in  all  dtrections  ' 
in  veins  of  from  a  few  lines  to  twp  inches  in  thickness. 

Dr.  Hibbert  found  this  substance  ui  1817  at  Swinaness,  in  Unst,  one 
of  the  Shetland  Isles,  traversing  terpentine  in  all  directioHS,  being  ' 
mixed  with  the  magnesian  carbonate  of  lime,  and  forming  veins  freim 
half  an  inch  to  m  or  eight  inches  broad. 

CHemoal  Characier.-^Hy4rttte  of  magnesia  dissolves  eiitirely  m' 


< .  •.  I  ■  J 
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carii-teiBidft  .      .\...     .-^s^-v- 
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muriatic,  nitric,  and  dilute  sulphuric  acids ;  and  from  its  solution  ia 
iQuriatic  and  sulphuric  acids,  the  deliquescent  salt  of  muriate  of  mag' 
ncsia  and  regular  crystals  of  sulphate  of  magnesia  were  obtained.  On 
some  occasions,  a  very  slight  effervescence  takes  place ;  but  this  no 
doubt  arises  from  adhering  particles  of  carbonate  of  lime,  or  from  a 
small  quantity  of  carbonic  acid,  which  may  bave  been  absorbed  by 
exposure  to  the  atmosphere. 

The  fallowing  analysis  of  this  mineral  has  been  mode  by  Dr.  Fyfe : 


100-00 
(Edinburgh  Pbilosopbical  Journal.) 

IV.  Jlesulls  of  ILxpeAments,    with    a  Ma^nctinicter  invented   liy  Mr. 
Scores  b  I/. 

1.  Iron  bars  become  mngnetical  by  position,  excepting  when  placed 
ill  the  plane  of  the  magnetic  equator ;  the  upper  enil,  as  regards  the 
position  of  the  magnetic  equator,  becoming  a  south  pole,  and  the 
lower  extremity  a  north  pole. 

2.  No  atlniclion  or  repulsiim  appears  between  a  magnetized  needle 
and  iron  bars ;  the  latter  being  free  from  pennanent  raagDctism, 
whenever  the  iron  is  in  the  plane  of  the  magnetic  equator;  conse- 
quently, by  measuring  the  angle  of  no- attraction  in  a  bar  placed  nortfi 
and  BDulb,  we  discover  the  magnetic  dip. 

3.  Defore  a  oiagnet  can  attract  iron,  that  is  totally  free  from  botb 
permanent  magnetism  and  that  of  position,  it  infuses  into  the  iron  a 
magnetism  of  contrary  polarity  to  that  of  the  attracting  pole. 

4.  A  bar  ofsofl  iron  held  in  any  position,  except  in  tbe  plane  of  the 
magnetic  equator,  may  be  rendered  magnetical  by  a  blow  with  S. 
hammer,  or  other  hard  substance ;  in  such  cqsea,  the  magnetism  tX 
position  seems  to  be  fixed  in  it  so  ns  to  give  it  a  permanent  polarity. 

5.  An  iron  bar,  with  permanent  polarity,  when  placed  any  where  in 
the  plane  of  the  magetic  equator,  may  be  deprived  of  its  magnetism 
by  a  blow. 

6.  Iron  is  rendered  magnetical  if  scowered  or  filed,  bent  or  twisted, 
when  in  the  position  of  the  magnetic  axis,  or  near  this  position ;  the 
upper  end  becoming  a  south  pole,  and  the  lower  end  a  north  polej 
but  the  magnetism  is  desiroyed  by  the  same  means,  if  the  bar  be  held 
in  the  plane  of  the  magnetic  equator. 

7.  lj:an  heated  to  redness,  and  quenched  in  water,  in  a  rerticst^ 
position,  becomes  magnetic ;  the  upper  end  gaining  $outh  polarity,  Bnii> 
the  lower  end  north.  i 

S.  Hot  iron  receives  more  magnetism  of  position  fhan  the  same 
when  cold.  , 

9.  A  bai:-magnet,  if  hammered  «vhcn  in  a  vertical  position,  or  in  tb^, 
position  of  the  magnetic  axis,  h»s  its  power  increased  if  the  southf 
pole  bo  upward,  and  loses  some  of  its  magnetism  If  the  north  cod  b& 
upward. 

20.  A  bar  of  soft  steel,  witUoat  m&goetic  virtue,  has  its  magnitude 
of  position  fixed  in  it  by  liammeiitin  \V,  w\wnm%NMx:\';Ti^^owC\'«t-,wA( 
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loses  its  magnetism  by  being  struck,  when  in  the  plane  of  the  magnetic 
equator.  . 

11.  An  electrical  discharge,  made  to  pass  through  a  bar  of  iron^ 
devoid  of  magnetism,  when  nearly  in  tlie  position  of  the  magnetic 
axis,  renders  the  bar  magnetic ;  the  upper  end  becoming  a  south  pole, 
and  the  lower  end  a  north  pole;  but  the  discharge  does  not  produce 
any  polarity,  if  the  iron  be  placed  in  the  plane  of  the  mi^netic  equa- 
tor. The  effects  appear  to  be  the  same,  whether  the  disch^ge.be  made 
on  the  lower  or  upper  end  of  the  bar,  or  whether  it  is  .passed  longitu- 
dinally or  transversely  through  the  iron. 

12.  A  bar  of  iron  possessing  some  magnetism  has  its  polarity  dimi- 
nished, destroyed,  or  inverted,  ifan  electric  discharge  be  passed  through 
it,  when  it  is  nearly  in  the  position  of  the  magnetic  axis,  provided  the 
south  pole  of  the  bar  be  downward,  while  its  magnetism  is  weakened, 
or  destroyed,  if  it  receive  the  shqck  when  in  the  plane  of  the  magnetic 
equator.  . 

13.  Iron  is  rendered  magnetical,  if  a  stream  of  the.  electric  fluid  be 
passed  through  it,  when  it  is  in  a  position  nearly  corresponding  with 
that  of  the  magnetic  axis ;  but  no  e&ct  is  produced,  when  the  iron  is  in 
the  plane  of  the  magnetic  equator. — (Edinburgh  PhilosophicalJoornal;) 

V.  Dissection  qfCrifstak^^ 

M.  Faraday  found,  that  those  specimens  of  sulphuret  of  antimony 
which  are  crystallized  in  large  crystals,  crossing  each  other,  admirably 
illustrate  Mr.  Daniell's  mode  of  displaying  crystalline  texture  by  dis- 
section. On  introducing  such  a  piece  of  sulphuret  into  a  portion  of 
fused  sulphuret,  and  continuing  the  heat,  it  begins  to  melt  down ;  but 
so  far  from  this  .taking  place  uniformly  >t' the  surface,  crystals  will 
sometimes  be  Icfl  more  tlian  half  an  inch  long  projecting  from  it ;  and 
in  other  places,  the  cavities  left  by  fused  crystals  will  be  so  large,  and 
have  such  perfect  surfaces,  that  the  angles  they  form  with  eacm  other 
];nay  be  readily  ascertained.  In  order  to  observe  th^se  effects,  it  is 
only  necessary  to  remove  the  half  fused  piece  of  sulphuret  from  its  hot 
bath,  and  allow  it  to  cool. — (Institution  Journal.) 


Article  XIV. 
NEW  SCIENTIFIC  BOOKS 


PRBPAUVe  IDR  PimLfCAYIOir. 

Mr.  Swainson  is  preparing  for  publication,  Exotic  Concholdfey,  a 
Work  to  consist  of  coloured  Plates  of  rare  and  nondescript  Shells. 

A  General  History  of  Birds,  by  J.  Latham,  MD.  &c.  Author  of  the 
Synopsis  of  Birds,  &c.  • 

The  Fossils  of  the  South  Downs  ;  or  Outlines  of  the  Geology  of  the 
South  Eastern  Division  of  Sussex,  by  Gideon  Mantell,  FLS.^ 

JOST  POBUKBCD. 

A  Manual  of  the  Diseases  of  the  Human  Eye,  from  the  best  National 
and  Foreign  Works ;  translated  from  the  German  oCDt.'^^lV&x^vVML 
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illustrated  tritfi  Cases.  By  G.  C.  Monteath,  MD.  Illustrated  by  fimr 
highly  coloured  Plates,  and  one  Plate  ol'  Instruments.  2  vols.  8vo. 
U.  IOj. 

Practical  Observationg  on  Midwifery.  By  John  Hamsbottom,  MD. 
8to.     Part  I.     I0s.6d. 

The  Higtory  of  the  Plague,  as  It  lately  appeared  at  Malta,  Gor.o,  *c. 
By  J.  D.  Tully,  Esq.   8vo. 

A  Practiciu  Treatise  on  tlio  Inflsimniatory,  Orgnnic,  and  Syaipatbc' 
IR  Diseases  of  the  Heart ;  also  on  Malformation,  Aneurieis,  Stc.  By 
Henry  Reeder,  MD.  RMS.  Edin,  and  MCS.Lond. 

The  ninth  Number  of  Ferussac's  Natural  History  of  Land  and 
Frc^nater  tjhellsis  just  published. 

Useful  Knowledge,  or  a  F»niliar  Account  of  the  varioos  Pradue- 
tions  of  Nature,  Alineral,  Vegetable,  ond  Animal.  By  the  Rer.  W. 
Kngley,  AM.    Third  Edit.     3  vols.  12mo.     ]l.  Is. 

Transactions  of  the  CanibriiJge  Philosophical  Society.  Vri.  I. 
Part  I.lto.    1/. 

tUuttrBtioni  of  the  Linntean  Genera  of  Insectii.  By  W.  Wood, 
FES.  FLS.  Part  J.  with  i*  coloured  Plates,  5s.  to  be  completed  in 
ais  monthly  Parts. 

The  Natural  History  System  of  Mineralogy.  By  Frederick  Mohs, 
Professor  of  Mineralogy,  Freibei^.     Svo.     6s.  6rf. 


Article  XV. 
NEW  PATENTS. 

Tliomas  Maatermao,  of  Broad-street,  Ratcliffe,  common  br6»er,  for 
certain  macliinery  for  the  purpose  of  imparting  motion  to  be  worked 
by  steam  and  water,  without  either  cylinder  or  piston,  and  with  lew 
loss  of  power  than  occurs  id  working  auy  of  the  steam-engines  now  in 
use.— Feb.  10,  1821. 

Robert  Stein,  of  Walcot-place,  Lambeth,  for  certain  improvements 
in  steam -en  ginea. — Feb,  20. 

James  Foster,  "of  Stourbridge,  iron- mas ter,  Ibr  certain  improvcmentt 
in  the  manufacture  of  wrought  malleable  iron. — Feb.  '20. 

Henry  Penneck,  of  PeniaDce,  MD.  for  an  improvement,  or  im-p" 
provements,  of  machinery  to  lessen  the  consumption  of  fuel  inworkingf 
steam-engines. — Feb,  ii7. 

Robert  Burton' Cooper,  of  the  Strand,  London,  for  improvemenU' 
on,  or  a  substitute  fur,  stoppers,  covem,  'or  lids,  such  as  are  used  for 
bo ttlfs,  tobacco,  and  snutf- boxes,  iak-hoklers,  and  various  odier  arti* 
cles  r«qui ring  stoppers,  covers,  or  lids  —March  S. 

Jonathan  Dickson,  Hoi  land -strett,  Blackfriars,  forvaluable  improve- 
ments in  the  means  of  transmitting  heat,  and  also  in  the  means  tt 
transmitting  cold  from  one  body  to  another,  whether  solids  or  fluids.— 
March  3, 

William  Frederick  Collard,  of  Tottenham-court-road,  for  certain 
improvements  on  musical  instruments  called  piano-fortes. — March  8. 


Article  XVI. 
METEOROLOGICAL    TABLE. 
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BEJ^ARKS. 

Third  Month,^—!,  Ckmdy.  2.  Showery  afternoon,  3,  4.  Rainy.  5.  Cloudy. 
6.  Rainy.  7.  Fine  day:  lainy  evening.  8.  Fine.  9.  Showery.  10.  Showery. 
11,  12.  Fine.  13.  Fine  morning :  a  slight  shower  of  hail  about  noon :  lunar  hab  in 
the  evening.  14*  ¥ine,j  h"^\  ^^^^^''^  ■  }^  W^^  hofizfin^i.  a  very  .distinct 
lunar  halo,  slsghtly  totouttd*  16^  IT.  Finei  whfte  Mtt»A  ^  moming.  18.  Bois- 
terous:  firequoit  showen  of  mingled  hail,  snow,  and  rain.  19.  Windy;  had. 
20.  Windy:  cold.  21.  Cloudy.  22.  HaiL  23.  Fine.  24,  25.  Showery.  26.  Fine 
day:  boisterous  night.'  27.  Boisterous.  28.  Rainy:  windy.  29.  Showen; 
30.  Fine:  rain  at  nig^t. '  31.  Rainy.     ,  , 

i...      -  .-- 

f  -  '  • 

RESULTS. 

•      •      ■      •   • 

:     Windax  N,  i  ;  NBj  3;  SB,^*;  S,  1  $■  SWi  vIE  ;vW^t»rl^,  7 ;  Vbi:%  ' 

BariniiieUi; :  ^Meai^  height 

For  the  month.... ^••.«,*^,,.. •••.*•  •••.>..•. 29*710  inchest 

For  the  lunar  period,  ending  l^e  26tfa. .  •  «* 29*765 

Fpr  14  days,  ending  the  4th  (faoan  south)  ...^  ••..»«  ;S9-909> 

/  ;  ^or.l44Ay^endinglheIikk)(MiOQiiiK»tfa>;..;v«4,..,:fi9*9^         '  ' 

■  ■■•■     •   '      J  ■   ;    ;■ 

Thormometer:  Meanhei^t  .     .\^       ■  -•  •■■^    ■  -  ■• 

Forthemonth .....^u'^ '<.**.k..*.;i..«k  42^k8* 

IVirthelunar period.'... .;.•. ••.^...•^'.•..••.'41*44&        '.  ■ 

For  SO  days,  the  sun  in  Pisees  •..•«..,..••,•••»»...•  39*383         ■.':: 

'      .  ■    < 

:(;vap«KfttioD..*v.<...Mr«. , l*MiiL. 

Bain.  ......^..^ f....  ...l.,^«..^j,i..j«««V^.,..«4,.«.  8HI2 

Hern  of  hygrometer, , ••<«..«.r......^f...^..  77^   ^ 

•      •  ■   # 

r  ...  •  ■  -  '     '  .  «      • 

•**  ThemMn  temperature  of  tins  mt)htB,  by  Six's  Thertafometer,  at  Teit€nhamy 
w»9  43*61 2^;  and  the  rain  for  that  station,  3*41  ihch^ 
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Article  I. 


ji.  Maihcmatical  Inquiry  into  the  Causes,  Laws,  and  principal 
PJuenomena  of  Heat,  Gases,  Gravitation,  ^x.  By  John  He- 
rapath,  Esq.   (In  a  Letter  to  D.Gilbert,  Esq.  MP.  vPRS.  &c.) 

(Concluded frmni^.  351.) 

General  Scholium, 

Sudden  condensation  in  all  gaseous  or  aeriform  bodies  pro- 
daces  heat,  and  sudden  rarefaction  cold ;  but  if  the  condensation 
or  rarefaction  be  made  slowly^  no  perceptible  change  in  the 
temperature  takes  place.  These  are  natural  consequences  of 
our  theory  of  the  constitution  of  ^ases.  For  if  it  be  a  condensa- 
tion, by  the  motion  inward,  for  instance,  of  one  of  the  sides  of 
the  containing  body,  it  is  evident  that  the  particles  which  strike 
against  this  side  and  are  reflected  back  among  the  rest,  will  no 
longer  be  reflected  by  the  same  force  only,  with  which  they 
were  previous  to  the  commencement  of  the  condensation,  but  by 
a  force,  which  will  augment  their  velocity  individually  by  a 
quantity  equal  to  the  velocity  of  the  moving  side.  And  this 
excess  of  velocity  being  distributed  to  the  rest  of  the  particles, 
or  communicated  to  them  by  the  continuance  of  the  stroke,  will 
generate  an  excess  of  temperature  throughout  the  medium  pro- 
portional chiefly  to  the  velocity  of  condensation.  On  the  con- 
trary, in  the  case  of  rarefaction,  those  particles,  instead  of 
returning  amon?  the  rest  with  the  celerity  with  which  they  did 
before  the  side  began  to  move,  will  now  return  with  a  diminu- 
tion of  their  velocity/  equal  to  the  velocity  of  the  moving  side. 
This  diminution  must,  therefore,  cause  a  dect^:d&e  oi  \.^\ss^x^- 
jVew  Series,  yol.  u  2  c 
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ture  ia  the  medium,  in  the  same  manner  as  the  excess  of  velocity 
would  cause  an  increase.  In  both  these  cases,  the  excess  or 
defect  of  temperature  will  be  proportional  to  the  celerity  of  con- 
densation or  rarefaction,  supposing  th^  time  occupied,  by  the 
change  of  volume  to  be  of  sufficient  length  for  the  stroke  to  be 
propagated  to  all  parts  of  the  medium.  Therefore,  if  the  celerity 
of  the  stroke  be  great,  a  great  change  in  the  temperature  will 
ensue  ;  and  if  it  be  small^  there  will  be  little  or  none. 

Our  theory  of  gases  likewise  explains  another  phsenomenon, 
which  has  usually  been  attributed  to  a  different  cause.  It  is 
well  known  that  if  two  gases  be  plp.ced  in  any  position  with 
respect  to  each  other,  ana  have  ever  so  small  a  communication, 
they  will  intermix,  and  become  equally  diffused  the  one  through- 
out the  other.  This  has  been  accounted  for  on  the  principle  that 
all  gases  have  a  slight  affinity  for  one  another,  or  in  other  words, 
that  though  the  parts  of  all  gaseous  bodies  individually  consi- 
dered mutually  repel  each  other,  yet  the  parts  of  different  gases, 
however  great  or  however  small  that  difference  may  be,  mutually 
attract  each  other.  It  is  repugnant  tp  my  intention  to  attempt 
any  refutation  of  this  idea,  or  to  make  any  observations  on  the 
confusion  that  would  result  from  thus  burthenin^  nature  with 
hypotheses  ;  I  shall,  therefore,  merely  show  that  the  phsenome- 
non  in  question  is  an  easy  consequence  of  oar  theory.  Soppose 
that  portions  of  the  surfaces  of  two  media  are  exposed  to  each 
other,  and  that  parallel  to  these  portions  the  media  are  divided 
into  strata.  Then  because  a  dinerence  in  the  numeratoms,  a 
difference  in  the  motions  of  the  particles  of  the  two  strata,  or  a 
cornered  irregular  figure  in  the  particles,  would  render  it  impos- 
sible for  the  particles  of  one  stratum  to  be  Jio  reflected  by 
the  particles  of  the  other,  that  each  stratum  would  retain  ite 
particles  entire  and  unmixed  with  those  of  the  other,  the  two 
strata  would  intermix  ;  and  would  not  arrive  to  a  state  of  equili* 
brious  action,  until  the  particles  were  uniformly  and  equally 
disposed  in  each  stratum.  For  the  same  reasons,  these  newl^ 
compounded  strata  would  mix  with  their  next;  and  thus  it 
would  go  on  stratum  intermixing  with  stratum,  until  an  equili- 
brious  action  throughout  was  restored,  by  the  equal  and  unitorm 
intermixture  of  the  two  gases. 

By  the  same  principles  it  is  easily  perceived,  why  gases  so 
readily  acquire  the  temperature  of  the  surrounding  bodies ;  why 
they  transmit  temperature  so  rapidly  and  so  feeMy  in  ri^ht  lines; 
and  why,  according  to  the  manner  in  which  Mn  Leshe,  Sir  H« 
Davy,  and  MM.  Dulong  and  Petit,  have  naade  their  experi- 
ments, it  is  owing  to  the  gravitation  of  the  gases  alone,  that  the 
Kghter  gases  cool  bodies  immersed  in  them  quicker  than  the 
heavier.  When  I  first  turned  my  attention  to  the  cooling  power 
of  gases,  I  was  surprised  to  find  from  my  theory,  that  all  gases, 
under  the  same  circumstances,  ought  to  cool  equally  h&t.  This 
inference  for  some  tme  ij^ti^X^xi^di  \£k&  ^^  xos^^^    Aa  sooOf 
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however^  as  I  had  read  the  ingenious  treatise  of  IVof.  Lealie  on 
Ueat  and  Moisture,  and  had  considered  anew  the  manner  in 
which  Sir  H.  Davy  had  conducted  his  experimentSy  which  were 
about  that  time  pubhshed,  I  saw  that  the  theory  and  phsenomena 
still  agreed ;  ana  that  the  circumstances  of  my  investigation  pre<- 
cisely  coincided  with  Mr.  Leshe's  cooling  by  gaseous  pulsation ; 
while  the  error  that  I  had  committed,  with  respect  to  Sir  H^ 
Davy's  experiments,  rested  wholly  on  my  not  having  taken  into 
account  the  earth's  attraction. 

Their  temperatures  and  elasticities  being  the  same,  the  ratify 
of  the  numeratoms  of  two  homogeneous  ^es  appears  by  our 
theory  to  be  equal  to  the  snbduplicate  ratio  of  the  weights  or 
43pecinc  gravities  of  equal  volumes.*  Supposing,  therefore,  that 
oxygen  and  hydrogen  are  homogeneous  (the  truth  of  which  in 
oxygen  I  much  doubt),  the  numeratom  of  the  former  will  be 
quaSruple  that  of  the  latter.  So  that  if  two  in  volume  of  hyditv- 
gen  unite  with  one  in  volume  of  oxygen  to  form  water,  the 
atoms  of  oxygen  will  be  double  in  number  those  of  hydrogen  ; 
and  the  numeratom  of  the  compound  gas  before  being  condensed 
will  be  the  geometrical  mean  between  the  numeratoms  of  the 
two  simples.  It  has  commonly  been  conceived  that  two  atoms 
of  hydrogen  and  one  of  oxygen  form  a  particle  of  water ;  but 
whether  this,  or  whether  the  result  of  our  theory,  or  whether 
neither  of  them  be  true,  it  is  out  of  our  power  to  determine* 
Such  kind  of  speculations  transcends  the  corroboration  of  any 
experiment  yet  devised.  I  simply  mention  this  theorem,  which 
18  one  among  several  that  I  have  investigated,  relative  to  the 
mixture  of  gases,  to  give  some  small  idea  of  the  powers  of  our 
theory  of  the  universe  for  unravelling  the  secret  operations  of 
nature. 

By  the  same  theory  T  have  found  that  if  equal  portions  of  the 
same  gas  be  mixed  together  at  different  temperatures  F,  F,, 
accounting  in  degrees  of  Fahrenheit,  according  to  the  indica- 
tions of  me  air  thermometer,  the  mean  resulting  temperature 
Fn  of  the  mixture,  measured  on  the  same  scale,  and  no 
extraneous  force  interfering,  will  be  equal  to  (448  -f-  F)   x 

^      /448-f-  F,  ^     V  a 

{  V    ^^^  +  ^        J  —  448,t  supposing  F  to  represent  the 

degrees  at  the  lower,  and  F,  those  at  the  higher  temperature* 
And  if  the  volumes,  instead  of  being  equal,  be  in  the  ratio  of  n 
to  1  when  the  temperatures  and  elasticities  are  equal,  then 
by  a  mixture  at  different  temperatures,  F^  =s  (448  +  F)   x 

«  Thii  Aeonm  wm  pnUidied  in  •  mora  gcnenl  lionii  in  the  Anmlt  tfPhilotophfj 
fiv  July,  181& 

f  448  zepresentg  the  degree  of  absolute  cold  bdow  the  zero  of  Fahrenheit,  employiog 
fbs  air  themunneter,  and  estimating  in  Fahrenheit*!  acale  of  deneoci. 

2c2 
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/  V    448  ^-F  ■"'*'    j  -  448.     Hence  if  equa!  pdrtiftftBof  ** 

same  gas  be  brought  to  the  temperatures  of  water  freezing  and 
boiling,  aod  mixed  together,  F  =  32,  F,  =  '212,  and  F,,  %ntl  be 
fouad  =  1  1Ha°.  Between  these  teraperatares,  the  vaiiatioBa  in 
volume  of  mercurv  and  gas  have  been  found  to  be  perfectly 
equiU  ;  therefore,  if,  instead  of  gas,  equal  portioos  of  mercnij; 
water,  or  iiny  other  fluid  be  mixed  together,  the  temperature  w 
the  mixture  by  Fahrenheit's  mercurinl  thermometer  should  \)6 
ll&f°.  De  Liic,  as  I  have  read  iu  Ur,  Ure's  paper  pubiishedln 
the  Transactions  of  the  Royal  Society  for  1818,  by  mixing  eqnal 
portions  of  water  at  those  temperatures,  obtained  a  mean  of  119*, 
which  so  nearly  agrees  with  what  has  been  computed  from 
theory,  tliat  the  djHerence  may  reasonably  be  ascribed  tAthe 
observation.  It  must,  however,  be  contessed,  that  the  eiipe^ 
ments  of  Dr.  Crawford  do  not  confirm  ihose  of  M.  De  Luc. 
According  to  that  philosopher,  the  resulting  temperature  "« 
122";  that  is,  the  arithmetical  mean  of  212^ and  32°.  It  is, 
however,  a  qaesiion,  whether  the  experiments  of  De  Luc  are  hot 
entitled  to  considerably  more  confidence  than  those  of  Craw- 
ford. The  object  of  the  two  philosophers  was  the  same; 
namely,  to  determine,  whether  equal  increments  of  temperaMK 
are  accompanied  with  equal  expansions  of  volume ;  and  hecoel 
should  think  that  De  Luc,  as  soon  as  he  perceived  the  anomaly', 
left  no  means  unessayed,  which  repeated  and  careful  expend 
mentR  could  aflbrd  him,  to  satisfy  himself  of  its  exiiitence,  before 
he  ventured  to  publish  a  circumstance  so  contrary  to  tbegeneni 
opinion  of  philosophers.  But  with  respect  to  Dr.  Cra*ford  (W 
account  of  whose  experiments  also  On  this  subject  i  haveuQ^ 
tunatfily  not  seen),  he  appears,  from  M.  Biol'sTraitc  de  Ptiysiepit; 
torn.  iv.  p.  700,  not  to  have  followed  one  of  the  most  liwdl 
methods  to  ensure  accuracy :  "  It  a  cherche  a  le  faire  (that  iiJi 
correction  for  the  loss  of  temperature)  en  observant  la  toi^ 
refroidi&sement  progressive  du  melange,  et  s'en  servant  p^| 
reslituer,  par  le  cdeul,  le  chaleure  qu'il  avait  dd  perdre  daiffi~fl 
premiers  momens."  It  would,  in  my  opinion,  have  been  taoa 
better  to  prevent,  than  to  have  had  to  account  for,  this  'l4W 
But  without  discussing  the  merits  of  the  methods  of  eitber  |kI 
losophcr,  the  subject  of  determining  whether  the  inerenientftV 
temperature  and  volume  are  ptoportional,  as  it  respects  futSH 
discoveries,  is  of  the  first  consequence;  and  I,  therefore,  b^f^j 
submit  the  settling  of  so  important  a  point  to  the  coDsideratM 
of  the  Royal  Society ;  and  shall  feel  mj'self  honoured  if  itaMiH 
worthy  of  their  attention,  I  should'  not  trouble  the  KOfV 
Society  if  I  had  appai'atus  upon  which  1  could  depend  for  trynl 
an  experiment  of  such  delicacy,     Unhan[jily  I  have  not  only  m 
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this  neighbourhood  who  has;  nor  is  there  at  present  any 
Society  in  Bristol  to  which  I  could  apply  for  assistance,  though 
from  the  spirited  exertions  now  maKingy  there  is  reason  to 
b^eve,  we  shall  soon  possess  one  that  will  be  every  thing  we 
ceuld-wish. 

r-  For  making  an  experiment*  of  this  kind,  I  know  of  no  body 
^letter  than  mercury,  which  is  fluid  at  a  very  low,  and  boils  at  *a 
livery  high,  temperature.  If  two  large  and  equal  portions  of  this 
fluid,  at  tlie  temperatures  intended,  were  rapidly  poured  into  a 
thin  smooth  vessel,  previously  brought  to  tlie  expected  mean 
temperature  of  the  mixture,  or  a  degree  or  two  higher ;  and  if 
-tilie  temperature  of  the  mixture  was  taken  by  two  thermometers^ 
the  one  two  or  three  degrees  lower,  and  the  other  about  as  many 
•degrees  higher  than  the  computed  mean,  I  think  the  obstacles 
to  success,  pointed  out  by  M.  Biot,  might  be  avoided ;  and  this 
Ipreat  problem,  with  one  or  two  repetitions  of  the  experiment, 
he  resolved  to  a  considerable  degree  of  accuracy.  Could  the 
experiment  be  made  in  an  atmosphere  just  above  the  tempera- 
ture of  the  mixture,  it  would  prevent  any  error  arising  from 
radiation,  8ic. ;  and  if  the  vessel  into  which  the  portions  of 
mercury  are  poured  be  but  Utde  larger  than  sufficient  to  hold 
them,  and  spnerical,  it  would  subject  the  experiment  to  the  least 
influence  of  the  matter  of  the  vessel.  But  if  the  experiment  can«> 
not  be  made  in  such  an  atmosphere,  it  would  be  advisable  to 
cover  the  whole  apparatus  for  a  few  minutes,  until  the  tempera- 
ture could  be  equally  diffused,  with  a  polished  metal  cover, 
which  would  tend  to  prevent  any  loss  of  temperature  by  the  con- 
tact of  air,  or  by  radiation.  These  and  some  other  precautions, 
which  circumstances  would  easily  suggest,  would,  it  appears  to 
me,  ensure  to  the  experiment  all  the  success  of  which,  perhaps, 
it  is  capable. 

.  When  the  difierence  between  the  temperatures  of  the  portions 
of  fluid  mixed  exceeds  180^  of  Fahrenheit,  the  arithmetical  and 
computed  means  differ  from  each  other  by  a  quantity  which 
increases  much  faster  than  the  difference  of  the  temperatures* 
If  equal  portions  be  mixed  at  the  temperatures  of  —  33^  and 
+  300^  the  value  of  F„  will  come  out  12 1-32°,  while  the  arith- 
metical  mean  is  133*5^;  that  is,  upwards  of  12^  in  excess. 
Within  these  limits,  mercury  and  air  go  on  nearly  |Mirt/>a^2i,  the 
yolume  of  mercury  at  the  higher  temperature  being  only  about 
2r34^-  greater  than  that  of  air.  But  our  theory  seems  to  be  inde* 
pendent  of  all  considerations  of  proportional  variations  of  volume; 
the  only  precaution  necessary  appears  to  be  to  measure  the 
temperatures  by  the  air  thermometer  instead  of  the  common 
mercurial.  If  mercury  at  —  7^  and  -f  641°  be  mixed,  the  com- 
puted mean  temperature  vrill  be  no  less  than  36°  below  the 

*  I  hvrt  rince  suoeeedad  in  aome  ezpcrimflnts  of  thU  kind  in  higih  tempentnics  widK 
meicory,  and  have  found  the  mean  error  of  my  tkeory  by  iivita  «s{«rannDi(K  dl\Bs) 
and  twootVe  Jjac%  not  more  than  about  the  oneJtenAi  ol  m  dA|gE«)t\  ^i2cA~^ —  " 
au€ld  Aearf  hdng  tS^  dcgveei. 
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■withraetical  meati.  Such  a  difference  as  this  would  be  exUcnitl; 
striking  and  decisive ;  but  wliether  those  Qxtreme  temperatum 
can  be  operated  on,  I  leave  oLbers  to  determiae.  Otliei'  circum- 
stances being  alike,  the  most  advantageous  metliod  of  maku^ 
the  experiment  is  when  the  roiumes  mixed  together  are  tifol. 

la  any  homogeneous  fluids  the  same  principles  will  enable  us 
to  discover  the  ratios  of  the  numcratoms  and  the  magnitudes  of 
the  particles.  On  tlie  supposition  that  mercury  and  water  ue 
homogeneous  Huids,  1  have  found,  from  the  best  ckperimeatol 
can  procure,  that  l!ie  ratio  of  the  uumeratoms  of  mercury  and 
water  is  about  equul  to  that  of  1  to  2,  and  the  ratio  of  the  mag- 
nitudes of  the  particles  equal  to  about  that  of  27  to  1,  aad, 
therefore,  the  ratio  of  their  diameters,  supposing  them  similar, 
about  that  of  3  to  1,  This  greater  numeratom  of  the  water  is 
indicated  by  tlie  mean  temperature  of  the  mixture  of  equal  p«(ti 
of  mercury  and  water  always  being  in  favour  of  the  temper^OK 
of  the  water ;  and  the  excess  of  magnitude  in  tJie  particles  «f 
mercury,  by  its  less  disposition  to  be  affected  in  voIuiub  bj 
changes  of  temperature. 

Taking  these  numbers  for  correct,  I  hnd  that  if  a  giv«a 
volume  of  mercury  at  the  temperature  of  100"  Fahrenheit  be 
mixed  with  an  equal  volume  of  water  at  the  temperature  of  40^i 
the  temperature  of  the  mixture  sbooldbe  59^°  5  by  Dr.  Henry,  it 
is  60°.  And  if  the  same  temperatureH  be  taken,  but  the  waier 
be  put  at  the  higher,  and  the  mercury  at  tiie  lower  temjieratuTBt 
the  mixture  should  be  at  79^°  :  Dr.  Henry  says  it  is  nearly  80^- 
If  two  volumes  of  mercury  and  one  of  water  be  mixed  at  the 
temperatures  of  100°  and  40°,  it  matters  not  whichever  of  them 
has  the  higher  temperature,  the  temperature  of  the  mixtUK 
ought  to  be  about  69^°:  by  the  above  author,  it  ia  70".  An 
equal  coincidence  holds  good  in  the  other  cases  mentioned. by 
Dr.  Henry.  Therefore,  what  has  been  usually  attribuited  to  "ttie 
capacity  of  bodies  for  caloric,''  appears  to  be  explicable  on  tiv 
theory  of  their  numeratoms,  that  body  whose  particles  are  dw 
smaller  and  more  numerous,  b«ing  that  which  has  been  su[; 
to  have  the  greater  "  capacity  for  caloric ; "  and  vice  versa. 
to  be  more  certain  of  this,  it  would  be  necessary  to  make  : 
experiments  with  a  greater  difference  of  temperature.  -  Supp 
ing  the  aforesaid  ratio  of  the  ntimeratoms  to  be  rii^ht,  and 
water  and  mercury  are  homogeneous  fluids,  1  find,  if  equal  i 
of  mercury  and  water  are  brought  to  the  temperatures  «l 
and  212°,  and  then  mi.xed  together,  the  resulting;  tempera 
should  be  161f ,  when  the  water  has  the  higher  temperatu 
and  94^°  when  it  has  the  lower.  The  arithmetical  meaa  <rf  ?' 
and  40"  is  126°,  which  is  31-^°  above  94-j^°,  and  only 
below  151-3-°.  If  the  temperatures  be  40°  and  200°,  the  ouxtK 
will  be  91°  and  144°,  in  which  the  distances  from  the  mean 
—  29  and  +  24.  I  have  not  tried  these  eicpcnments  for  dlft| 
isons  I  have  given  beVoie,  Wt  \  N'o'Ai  '&vm\V  mx-j  arw  » " " 
""";  and  should  be  stv\'lmot6ob\\^ai\a'W'sa.SS\*-«wii> 


«M»or 
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die  goodness  to  send  me  the  results  of  these  and  any  accurate 
experiments  of  the  kind. 

The  same  principles  might  easily  be  extended  to  solids  ;  but 
sufficient  has  been  said  fur  the  limits  of  a  mere  memoir  on  this 
part  of  the  subject.  I  shall,  therefore,  now  briefly,  offer  one  or 
two  observations  for  which  a  distinct  hypothesis  has  been  con- 
triyed ;  namely,  the  hypothesis  of  ^^  latent  heat/'  It  is  generally 
trdoiitted,  I  belieTC,  that  when  gases  or  vapours  become  fluids, 
two  or  more  of  their  atoms  or  particles  unite  together  to  form  a 
particle  oS  the  fluid  ;  and  that  when  fluids  become  solids^  a  still 
further  aggregatioh  of  the  particles  takes  place ;  so  that  fluids 
are  solids  resolved  into  simpler  elements,  and  gases  solids 
resolved  into  still  simpler,  or,  perhaps,  their  simplest  elements. 
This  being  granted,  it  follows,  that  if  two  or  more  atoms  or 
parts  of  the  gas  unite  together  into  one,  the  motion  of  this  one, 
being  compounded  of  the  motions  of  the  others  which  compose 
it,  will  be  greater  than  the  motions  of  either  of  the  constituent 
parts  before  the  aggregation.  Therefore,  if  the  temperature  of 
the  bodies  in  each  of  the  three  states  be  measured  by  the  motions 
of  their  constituent  parts,  then  when  a  gas  by  any  means 
becomes  a  fluid,  the  aggregated  parts  of  the  fluid  will  have  a 
greater  motion  than  the  parts  of  the  gas ;  and  consequently  its 
temperature  for  a  little  while  will  be  higher.  For  tiie  same 
reason  the  temperature  will  be  raised  in  passing  from  a  fluid  to 
a  solid  state ;  and  in  all  cases  the  increase  ot  temperature  in 
passing  from  a  gaseous  to  a  fluid,  or  from  a*  fluid  to  a  solid  state, 
will  be  proportional  to  the  aggregation  of  the  particles  ;  so  that 
in  either  change  of  state,  the  greater  the  number  cf  particles 
that  unite,  the  greater  the  rise  of  temperature.  And  conversely, 
an  augmentation  of  temperature  being  produced  by  a  union  of 
particles,  a  diminution  must  be  produced  by  a  separation  of  them; 
and  this  diminution  will  be  the  greater,  the  greater  the  number 
of  parts  into  which  a  particle  is  divided.  Therefore  the  consti- 
tution of  things  being  such  as  I  have  supposed,  a  diminution  of 
temperature  will  accompany  a  change  of  state  from  a  solid  to  a 
fluid,  or  from  a  fluid  to  a  gas  or  vapour.  But  though  with  these 
views  an  increase  of  temperature  generally  accompanies  a 
change  of  state,  when  by  that  change  the  solidity  is  increased, 
or  vice  versa,  yet  this  is  not  of  necessity  a  law  of  nature.  Cir- 
cumstances might  be  easily  varied,  so  that  an  augmentation  of 
toiidity  by  a  cnange  of  state  may  be  attended  with  a  diminution 
of  temperature,  or  the  contrary  ;  and  thus  the  phsenomena  of  the 
increase  of  temperature  at  the  explosion  of  gun  and  all  fulminat- 
ing pCMvders,  as  well  as  other  anomaUes,  might  be  accounted  for. 
These,  however,  afe  things  which  the  importance  of  others  v^ill 
not  allow  me  now  to  stop  to  explain.  The  same  reason  prevents 
me  from  entering  into  an  explanation  of  the  cause  of  that  appa- 
rent loss  of  temperature  in  the  experiment  respecting  the  admix- 
tttffe  ^  equal  parts  in  w^ght  of  waibat  «t  Xl^ «  %xA  «:ci£s*ii  .^Hn^ 
Mt  the  tempwmtare  of  waleir  fce«aavigi  «si!6l  q^3^  muNnt  i^<mim- 


Mr.  Herapath  on  the  Causes,  Lawx,  and  principal    [JitRt,  ' 
.     A  full  development  of  the^e  things,  And  the  inferenccB 
wliich  might  be  drawn  from  them,  would  swell  the  memoir  oon- 
eiderably  beyond  the  limits  of  an  ordioary  coromimication. 

I  come  m>w  to  the  law  of  gravitation  or  atttaclion.*  !f  a  ptc- 
ticle  of  matter  were  put  in  the  centre  of  such  a  fluid  medium  ss 
we  have  supposed  in  the  fifth  postulatum,  and  if  hy  its  agitatJoas 

Eropagated  every  way  about,  and  duly  counterbalanced  at  the 
mits  of  space,  it  kejit  the  minute  parts  of  this  fluid  medium  in 
continual  motion,  then  would  a  spherical  atom  be  urged  towuds 

the  central  particle  by  a  force  which  is  as  — j^,  in  which  a  repre- 
sents the  intensity  of  the  central  agitation,  m  the  magnitude  of 
the  impelled  atom,  and  j:  the  distance  of  the  centres  of  the  two 
Dodies. 

When  the  attracted  atom  is  not  a  spberei-t*  its  law  of  gravita* 
tion  becomes  more  comples  ;  and  in  a  general  way  is  not  to  be 
obtained  in  algebraic  terms ;  for  it  is  dependant  not  only  on  the 
intensity  of  the  central  agitation,  the  magnitude  of  the  attracted 
atom,  and  its  distance  from  the  central  one,  but  likewise  OR  its 
ligure  and  position.  In  all  cases,  however,  when  the  attracted 
atom  is  exceedingly  small  aud  at  any  sensible  distance,  or  when 
it  is  at  a  distance  sufficiently  B;reat  to  render  the  influence  «f  its 
magnitude  insensible,  its  oravitating  force  will  be  as  its  ma^- 
tude  and  the  intensity  of  the  central  agitation  directly,  and  the 
square  of  its  distance  inversely.  Consequently,  if  instead  of 
a  single  central  particle,  there  were  a  great  number  distributed 
so  as  to  form  n  uniform  sphere,  and  in  such  a  manner  that  the 
agitations  of  each  may  take  effect,  the  force  of  the  impulsion  on 
the  solitary  atom,    Principia,    prop.  74,  hb.    1,    would  f>e  U 

—^ ;  in  which  m  is  the  mass  o  f  Ihe  attracted  atom,  A  the  »g!W- 

•  That  no  one  maj'  hsve  to  charge  me  vith  a  desire  of  tnaliiiijt  innovBlEona,  t  E!Ae 
rclained  tlie  lerniB  attraction,  cennipelal  (mee,  &c.  though  ftom  the  (Bum  of  dM|dii' 
iioiuena,  aalaid  iluwn  in  this  nieiiioir,  probab);  impuliiion,  adpulsivc  force,  ActiMimt    I 
otlicr  -iifotils  having  a  nearer  affinity  to  the  primitive  cause,  wouidbe  preferable. 

■|-  Tlie  simplest  ease  after  n  iphere  is,  perhaps,  (hat  of  a  cylinder,  Imving  4 
et  agitation  in  its  axis  pmluced.  Let  B  G  be  a  cylindn, 
E  ¥  its  axis,  and  A  the  centre  of  a^lBdan.  Draw  A  C,  A  D, 
and  in  A  F  take  A  U,  A  II,  respectively  equal  to  A  C,  AD; 
JMD  C  O,  and  complete  the  i)ara]ldograni  I  V.  Then  will  the 
gtaritating  fbrce  of  the  whole  eylimler  tovrardi  A  be  as  the  rec. 
tsnf^  of  the  agilatioD  at  A,  and  the  Stance  II  L  But  if  the 
umiiliamctcr  K  D  be  vastly  imall,  compared  lo  A  E,  the  gra- 
vitation is  uthe  Illation  al  A,  and  therragnituileof  ihecylin. 
derdiriQly,  and  thereclan^eA  E,  A  F,  invervcly.  Theidbre, 
if  £  F  be  Ukewiie  very  BiD^  in  canpaiuon  of  A  E,  Ihe  giBli' 
tMion  it  directly  aa  the  agitation  at  A,  anil  ibe  magnitude  of  the 
cylinder,  andinvernely  an  the  nquare  lif  its  ilislance  from  A. 

H''hen  Ihe  impelled  body  i>  a  parallelopipedaD,  ils^vitation 
ioaailu!  logarithm  of  afunmon  of  i»  dirniinjions  and  distance 
IVom  the  central  particle,  raided  to  n  power  equal  to  the  inlennty  of  afplstian. 
irben  it  k  K  smM,  or  at  auch  a  AiatSince  bum  t!he  csntTe,  that  iu  dimcoiiDns  ari:  ii 
in  rejipect  of  thai  distntver,  iu  gn.vM»icum  "vij^inj^mfttmai  lo 


■■pv 


of  the  agitation  iliieclly,  and  *e  iwijiMeot't,*  4o««u:e\nN'BWt\i. 
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lug  force  of  the  whole  central  body,  and  x  the  distance  between 
theceotrea  of  the  atom  and  compound  body.  And  since  this  is 
the  law  of  gravitation  of  a  single  atom^  it  follows,  by  prop.  75, 
Vht  If  Prindpia^  if  a  namber  of  them  were  equally  distributed 
thfoughont  any  spherical  space,  so  that  they  could  be  individuaUy 
acted  on  by  the  fluid  medium,  the  impelling  force  on  the  whole 

body  woiild  be  as  rzr  9  ^^  which  x  is  the  central  distance  of  the 

two  bodies,  and  i.the  quantity  of  matter  in  the  attracted  body. 
For  the  same  reason  if  B  be  the  mass  of  the  central  body,  and 
A'  the  whole  agitating  force  of  the  other,  its  attraction  on  the 

central  body  will  be  as  -^.     But  the  whole  agitating  force  of  a 

homogeneous  spherical  body,  other  things  being  the  same,  is  as 
its  temperature T, its  numeratom N, and  its  volume  V  conjointly; 
dierefore,  T  being  the  temperature  of  the  body  B,  its  absolute 

attractive  force  on  b  will  be  as  — ^-r — ,  and  its  accelerative  force 
aJB — x~'  -^"^  ^9  ^^  ^^  representing  the  like  things  of  the  other 
body  b,  its  absolute  attractive  force  on  B  will  be  as  — ^  ,  and 

its  accelerative  as  — r-. 

Now  Newton  has  shown,  p.  242,  of  his  Optics,  bodies  to  be 
£0  rare  that  water  has  at  least  40  times  more  pores  than  solid 

Jarts ;  and  Biot,  in  his  Traite  de  Physique,  tom.  iv.  pp.  124, 
25,  has  carried  the  idea  so  far,  as  even  to  suppose  me  solar 
system  itself  to  be  but  one  great  particle  relatively  to  other 
larger  and  rarer  systems.  Without  inquiring  into  the  merits  and 
probability  of  this' bold  idea,  there  is  every  reason  to  believe 
with  him,  that  "  il  se  pourrait  meme  qui  dans  les  corps  qui  nous 
paraissent  les  plus  denses,  la  capacity  des  interstices  surpassat 
pktsieurs  milliers  des  fois  le  volume  des  particules  materielles ;" 
or,  at  least,  that  the  densest  bodies  we  know  of  do  indeed  con- 
tain vastly  more  pores  than  isolid  parts.  Therefore,  it  follows, 
that  every  one  of  the  particles  of  any  compound  body  might 
agitate  and  produce  those  affections  I  have  imagined  on  the 
^diereal  fluid,  very  nearly  the  same  as  if  it  was  alone  and  unsur* 

Sanded  by  the  oUier  particles  ;  and  conversely,  the  particles  of 
y  compound  body  might  be  individually  affected  by  the  agita- 
tions of  the  medium,  almost  the  Same  as  if  they  were  alone. 

\JDiefore  I  proceed  further,  it  is  necessary  to  anticipate  an 
objection  that  at  the  outset  might  be  made  to  this  theory  of  jgra- 
▼itaticfu.  The  force  of  gravitation  that  has  been  here  determmed 
is  on  the  supposition  that  the  impelled  body  is  in  a  state  of 
quiescence ;  and  it  might,  thereiore^  be  conceived,  that  the 
'  attraction  would  be  less  on  a  body  moving  towards  the  central 
.  bq4y.,.,fixid  greater  on, que  fAoying^ftQtivX^^.^fi^^Ww^^ 
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wbat  we  find  by  experience.  Though  regarded  mathematiealiy 
stich  an  inference  would  be  strictly  true^  yet  since  the  difference 
between  the  forces  will  depend  on  the  activity  of  the  medionii 
and  since  this  activity'  will  be  increased  in  proportion  to  tilt 
tenuity  of  the  parts  of  the  medium,  it  is  evident  that  the  ethereal 
atoms  may  be  so  small^  and  the  activity  of  the  niediam  conse* 
quently  so  great,  that  the  swiftest  motions  we  know  of  could 
produce  no  sensible  difference  in  the  vigour  of  its  action.  For 
instance,  suppose  one  of  the  ethereal  atoms  to  have  the  same 
ratio  to  a  particle  of  light,  that  a  ball,  a  foot  diameter,  has  to  the 
whole  earth  (and  there  is  certainly  nothing  which  forbids  us  to 
suppose  that  the  ratio  might  not  be  as  little  or  even  much  less), 
then  calling  the  earth  42000000  feet  diameter,  a  thousand  of 
these  ethereal  atoms  would  individually,  with  the  same  force 
that  gives  motion  to  a  particle  of  light,  receive  a  velocity  more 
than  74000000000000000000  times  greater  than  that  of  light. 
But  with  such  an  activity,  the  law  of  attraction  on  a  body  mov- 
ing with  the  velocity  of  light,  in  the  direction  of  the  attraction, 

would  not  be  augmented  more  than  a  tooooooooo^KXXWOOO^ 

part  of  unity.  And  with  this  increase  in  the  law  of  attraction, 
It  would  be  2857796067672610  years  before  the  apses  of  the 
earth's  orbit  would  move  one  second  of  a  degree.  But  since 
our  calculation  is  made  on  the  supposition  that  the  body  with- 
draws itself,  as  it  were,  from  the  action  of  the  impelling  power 
with  the  rapidity  of  light,  the  augmentation  or  diminution  of  the 
law  on  a  body,  moving  like  any  of  the  bodies  of  our  planetaiy 
«ystem,  would  be  many  million  times  less ;  and,  therefore,  it 
would  take  many  million  tinges  the  period  that  I  have  assigned 
to  produce,  with  a  fluid  of  such  activity,  a  difference  of  1'^  in  the 
position  of  the  earth's  apses.  We  may  hence  fairly  conclude, 
that  there  might  be  a  fluid  medium  pervading  the  heavens  and 
all  bodies  of  such  activity,  that  no  sensible  difference  could  be 
observed  in  the  intensity  of  its  action  on  bodies  in  a  state  of 
quiescence,  or  moving  with  a  velocity,  not  only  six  million,* 
but  several  million  million  times  greater  than  that  of  light. 

With  the  same  views  it  would  be  easy  to  show  that  the  resist- 
ttoice  which  such  an  ethereal  fluid  would  cause  to  the  motions  of 
any  of  the  celestial  bodies,  could  proc|uce  no  sensible  effects  in  a 
period  of  many  million  years.  No  objection,  therefore,  so  far  as 
it  respects  resistance  or  irregularity  of  law  of  action,  can  be  made 
to  Ailing  the  heavens  with  a  fluid  of  this  kind,  which  it  would 
not  be  easy  to  answer ;  and  we  might  consequently  infer,  that 
whatever  has  been  demonstrated  of  an  unresisting  and  a  per- 
meating gravitation,  might  be  easily  transferred  to  our  nuid 
medium. 

These  things  being  granted,  it  follows,  tjiat  since  — -j—  is  the 
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expression  for  the  law  of  gravitation  towards  any  spherical  body> 
the  gravitating  forces^  or  the  weights  of  any  two  spherical 
bodies  towards  any  other  body  at  equal  distances^  are  as  th^ 
quantities  of  matter  in  the  attracted  bodies.    This  law  has  been 
proved  experimentally  by  Sir  Isaac  Newton ;  but  though  this  be 
true,  the  converse  case  does  not^  according  to  our  principles, 
liold  good ;  namely^  that  the  attractive  forces   of  bodies   are 
directly  propoitional  to  their  quantities  of  matter.     Our  princi* 
pies  do  not|  therefore,  corroborate  Newton's  third  law  of  motion, 
respecting  the  equality  of  action   and   reaction  in  attracting 
forces ;  for  by  our  theory  a  body  might,  by  the  agency  of  the 
fluid  medium,  be  impelled  towards  another  without  any  recipro* 
cal  action,  which  is  by  no  means  surprising,  if  we  consider 
attraction  not  to  be  an  mherent  or  essential  property  of  matter^ 
but  merely  the  action  of  a  third  body.    Wheu»  however,  we  take 
homogeneous^  bodies  of  the  same  temperature,  the  equality  of 
action,  and  reaction  seems  to  hold  true ;  but  in  different  bodies, 
differently  composed,  or  the  same  body  at  different  temperatures, 
a  difference  should  be  observed  in  their  attractive  forces  propor- 
tional to  the  greatness  of  the  dissimilarity.     Other  things  being 
alike,  the  attractive  forces  should  be  proportional  to  Uie  temper* 
atures ;  so  that  the  attraction  of  all  bodies  at  the  extreme  tem- 
peratures of  the  fluidity  of  water,  should  have  a  ratio  of  about' 
O  to  7.    Unfortunately  the  difficulties  attending  the  corroborat- 
ing by  experiment  of  this  part  of  our  formula,  much  exceed 
those  of  the  other ;  nor  have  I  as  yet  devised  any  method  of 
satisfying  myself  respecting  it  in  the  manner  that  I  could  wish.f 
But  though  great  difficulties  lie  in  the  way  of  a  numerical  proof, 
there  are  some  phsenomena  which  seem   pretty  decisively  to 
sanction  the  general  result  of  our  formula ;  namely,  that  an 
increase  of  temperature  produces  an  augmentation  of  attraction. 
Thus  Euler  has  found  that  the  focus  of  a  convex  lens  is  con- 
tracted by  a  greater  and  extended  by  a  less  temperature ;  from 
which  it  plainljr  appears^  that  the  refracting  force  is  increased  in 
the  one  and  diminished  in  the  other  case.  M.Laplace  in  the  M6ca- 
nique  Celeste  has  calculated  the  annual  equation  of  the  moon  at 
ir  22'',  while,  by  the  best  tables,  it  is  only  about  11'  84.''. 
The  difference  between  these  quantities  appears  too  much  for 
the  error  of  either  observation  or  calculation,  and  therefore  indi- 
cates an  increased  attraction  in  the  perihelion,  and  a  decreased 
in  the  aphelion  earth.     By  all  the  calculations  tliat  have  hitherto 
been  made,  a  regular  diminution  in  the  attractive  forces  of  the 
planets^  reckoning  from  the  sun^  has  been  observed,    which 
shows  that  the  colder  planets  have  less   attraction  than  the 

*  Bjr  homog^aoova  solid  or  fluid  bodioi  it  hen  meant  those  «U  of  whose  paiti  are 
amihurt  both  with  respect  to  their  eonstitiieiit  ekments  and  die  aasodatiien  of  them. 

t  timce  writmg  thta,  I  have  eontrifed  a  madiod,  hy  a  modMeadon  of  Mr.  Cavendlahli 
^ppantiu,  hut  have  not  yet  met  with  a  proper  pLaes  and  oppbrtanity  ftr  putting  it  in 
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vanaer.  Uranus  alone,  if  Tutore  computations  should  verify  thft 
present,  exhibits  an  exception  to  this  vule.  This  is  not  indee^ 
impossible,  nor  repugnant  to  our  forciuln ;  it  only  requires  a  dit^ 
ferent  constitution  from  the  r^st  of  tlie  plaiiets,  such,  for  instaocd* 
ui  minuter  particles  ;  for  then  by  reason  of  the  coldness,  thej 
may  be  more  numerous.  Another  argument  in  favour  of  oult* 
formula  is  the  very  small  disposition  to  disturb  that  is  found  u^. 
comets.*^  This  might  in  part  arisie  from  a  difference  of  constVr 
tution,  but  it  hardly  seems  reasonable  to  make  it  the  only  caua%^ 
with  all  of  them.  j 

Granting  that  attraction  end  temperature  are  proportional,  Ni 
follows  that  the  polar  parts  of  the  earth  being  colder  than  thu 
equatorial,  the  attraction  of  the  whole  earth,  in  places  about  th6 
former,  must  be  less  than  ils  attraction  in  places  about  the  latteC) 
and,  therefore,  the  isochronal  pendulum  must  be  shorter  undw 
the  poles  than  at  the  equator.  On  this  accoujit,  therefore,  it'U)i|^ 
earth  was  a  sphere,  its  tigure,  as  indicated  by  the  pendului^^ 
should  be  a  prolute  spheroid;  and  if  tlie  figure  be  au  oblatffi 
spheroid,  the  measures  by  the  pendulum  would  give  either  «)^i 
prolate  spheroid,  a  sphere,  or  an  oUate  spheroid  of  less  ecceq* 
tricity  than  it  really  is.  Now,  according  to  the  best  observaq 
tions,  the  compression  of  the  caith  by  the  pendulum  ia  ai>ov^ 
.j-Lj,  whereas  by  Newton,  from  the  theory  of  gravity,  it  '^^\ 
-^^,  and  by  most  of  the  admeasurements  it  lies  between  ta(| 
two,  or  about  -j-J-n-  by  Col.  Lambton.  But  the  same  theo^ 
which  indicates  too  small  a  compression  with  the  pendulum^ 
indicates  also  too  large  a  one  on  the  supposition  of  unifarMj 
gravity;  for  as  the  gravitation  on  the  Newtonian  theory -u< 
t;reater  at  the  poles  and  less  at  the  equator  than  it  ought  to<  hu 
Newton  must,  in  bis  computation,  have  made  the  polar  floi^l 
canal  too  short,  and  the  equatorial  too  long,  and  consequently, 
the  ellipttcity  of  the  earth  too  great.  Hence  our  theory  alsff' 
indicates  the  cause  of  those  discrepancies  in  the  three  methodic, 
of  determining  the  figure  of  the  earth,  which  have  so  muck* 
baiUed  mathematicians.  The  intervention  of  other  things,  ba4 
a  want  of  extensive  and  correct  observations  on  the  mean  teiBh^ 
peratLires  in  different  latitudes,  prevent  me  at  present  froi%' 
attempting  a  nnmeiical  proof  of  these  ideas.  Humboldt'g,' 
collection  of  experiments  on  the  temperatures  of  different  pliicef|^ 
lately  published,  and  the  cxpeiiments  made  by  Dr.  John  Davy  ia| 
his  voyage  to  Ceylon,  with  some  others  that  have  latelj^ 
appeared,  have  indeed  enabled  me  to  fix  very  nearly  •[  the  law  of 

■  ^'  n  A  pliuueura  reuonii  (lajB  M.  Lafltcs)  de  eioire  que  lea  imas 
tout  trcs-pttltes,  et  qu^  wnai  leur  action  est  inEenaible," 

+   The  formula  for  accurately  exprtaang  the  mean  annual  lempcralui 
liititudai  would  be  one  of  very  great  complexity,  and,  pechajH, 

science,  would  aurposs  the  powers  (if  analysia  Id  exhibit  in  a  bni        ,  _ 

the  temticrntuieH  OC  tlie  poliu  and  equHtoriml  n^ui  at  0°  and  SI  Ij"  of  FalmDliiDt,  q^ 
fi/naala  will  wldmn  differ  mote  Oiw  »  degteu  ut  ivo  of  Fahreohitii'  '  *  '  " 
'     '   P'tw  &?  O^-  BrewMei,  namdv.  WcaciMaM  •"  ftV" 
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the  Tiurilttioii  of  the  temperature ;  but  they  want  that  extent  and 
tariety  which  are  requisite  to  establish  correctly  the  true  raeaD 
temperature  of  the  earth  in  different  parallels.  To  settle  this 
point  well^  a  series  of  observations  *  are  wanting*,  in  the  intersect 
tions  of  about  every  fifth  or  tenth  degree  of  latitude  and 
longitude  on  both  sides  of  the  equator,  and  as  near  to  the  poles 
as  possible.  Local  circumstances  will  no  dotibt  always  interfere 
to  prevent  the  perfect  coincidence  of  any  general  law  of  temper- 
ature with  observation,  which  is  the  case  with  the  one  that  I 
have  assigned.  Indeed  were  it  not  so,  and  were  the  earth  of  a 
uniform  constitution,  it  would  be  no  difficult  matter  to  determine 
its  ellipticity  from  the  temperature  alone  of  different  latitudes. 

Philosopners  inform  us  that  the  southern  parts  of  the  earth 
are  colder  than  the  northern.  This  might  possibly  be  owing  to 
the  different  structure  of  the  superficial  earth  in  the  two  hemi- 
spheres, with  respect  to  land  and  water ;' but  whatever  be  A^ 
cause,  an  inequanty  in  the  mean  temperatures  of  corresponding 
latitudes  cannot  fail,  if  it  be  considerable,  to  afibct  the  attraction 
of  the  earth  at  those  places,  and,  therefore,  the  length  of  the 
pendulum,  and  consequently  the  figure  of  the  earth,  as  deter* 
mined  by  the  pendulum.  Whether  this  be  really  the  cause  of 
the  irregnlarity  of  figure,  which  has  been  said  to  have  been 
observea  in  the  two  hemispheres,  I  must  leave  until  I  have 
obtained  data  sufiiciently  correct  to  enable  me  to  undertake  a 
complete  solution  of  the  problein,  respecting  the  attraction  aad 
figure  of  the  earth.  Upon  the  whole,  hdwever,  this  theory  of 
gravitation  seems  to  render  it  probable,  not  only  that  the  eardi 
differs  in  figure  much  less  from  a  solid  of  revolution  than  has 
lately  been  imagined,  but  that  its  internal  structure  is  also  more 
uniformly  homogeneous,  than  some  philosophers  have  supposed. 
.  Mathematicians  will  readily  perceive,  that  a  less  temperature 
in  the  southern  than  in  the  northern  hemisphere,  if  considerable^ 
ought  to  affect  the  liinar  theory,  and  accelerate  the  motion  of 
the  moon  in  n  and  g) ,  and  retard  it  in  (  and  Vf  ;  and  that  the 
equation  thus  produced  ought  to  be  the  greatest  when  s  falls  in 
the  vernal  equinox,  and  the  least  when  in  the  autumnal ;  and 
that  other  things  being  the  same,  it  ought  likewise  to  be  greater 
about  the  time  of  the  aphelion  earth,  and  less  about  the  time  of 
the  periheKon  earth.  The  distance,  however,  of  the  moon  from 
the  earth,  the  small  obliquity  of  its  orbit  to  the  equator,  and  the 

*  It  might  be  advisable  in  future  experiments  to  ascertain  the  temperature  of  the  sea, 
and  its  diurnal  variation,  at  different  depths ;  for  J  do  not  remember  to  have  seen  i^iy 
notice  taken  of  these  thiAgs  in  the  expeximeots  that  I  have  hitherto  read.  One  might 
indeed  infer  from  l)r.  Davy^s  experiments,  that  xf  there  be  a  variation  at  any  connckr- 
able  depth  beloir  the  suHkce,  itis  probably  but  trifling.  It  would,  however,  at  least  be 
satisfcctoiy  to  decide  this  question  by  actual  experiment ;  and  besides,  a  knowledge  criT 
the  tanperatuieof  the  oiSean  at  difeoit  depths,  and  in  difletent  places,  would  ^possibly 
enable  phikwophers  to  detemiiiie  the  intenud  temperature  of  the  earth,  and  its  law  of 
^mrition  «o«wl.il>e  cA«n,  ■■  wtU  «,  peri>.{>s  mne  other  |poiiiU  of  gieat  intecett  te 


Mr.  Utrapath  on  the  Cairm,  Laws,  and  principal  [JcNi^' 
irifline  difference  in  the  ratio  of  the  t«mperaturea,  which  a  cmS-' 
siderable  thermooielric  differeuce  in  the  two  hemispheres  wonH' 
produce,  conspire  to  show  that  the  coefficient  of  such  an  equatioil' 
must  be  exceedingly  small,  if  not  wholly  insensible.  I  havt 
therefore,  merely  alluded  to  the  subject,  that  philoGOphers  migts' 
take  an  opportunity  of  considering  it  further,  and  of  examininij^ 
whether  in  the  future  ituproveinenl  of  the  lunar  tables,  the  and? 
qual  temperature  of  the  difierent  hemispheres,  and  the  alternate 
increase  and  decrease  of  temperature  in  the  same  place,  arising 
from  the  motion  of  the  sun,  are  deserving  of  attention.  " 

RetnTmng  to  our  law  of  gravitation,  it  is  found  that  when  th^ 
diameter  bfthe  attracted  particle  bears  any  sensible  proportii ' " 
to  the  central  distance  of  the  two  particles,  its  gravitation,  e see ^ 
in  the  case  of  its  being  a  sphere,*  no  longer  follows  the  law  rf 
the  inverse  squares  of  the  distances,  but  a  law,  which  increasot 
the  force  of  attraction  much  more  rapidly  as  the  particl^ 
approach.  It  is,  therefore,  evident  that  our  theory  of  attractio 
IB  not  only  capable  of  expounding  the  gravitation  of  bodies  at' 
great  disUince  from  one  another,  but  also  all  that  variety^ 
increase  of  force  which  are  observed  in  the  particles  ofbodie** 
when  brought  nearly  into  contact.  For  instance,  if  two  particln  . 
approach  each  other  with  flattened  surfaces,  the  intensity  iP 
their  attraction  when  these  surfaces  are  very  near  to  each  otiie^ 
and  the  force  of  their  cohesion  when  the  particles  are  in  contAfii^ 
will  be  much  greater  than  if  the  same  particles  could  have  pre? 
sented  spherical  or  more  pointed  surfaces,  so  as  to  touch  butfitf^ 
one  ortwo  points.  For  the  same  agitations  of  the  same  particlf 
will  rarify  the  ethereal  medium  considerably  more  on  the  flat-* 
tetied  side  of  the  particle  than  on  the  pointed  side  (geuerairjK 
indeed  more  than  in  proportion  to  the  greatest  transverse  seC 
tions  of  the  particles);  and,  therefore,  when  the  particld^ 
approach  with  their  flattened  sides,  the  medium  between  them  iJi 
much  more  raritied,  and  its  elasticity,  therefore,  mucb  moie 
diniiuished  than  they  would  be  under  similar  circumstances  ot. 
agitation  between  less  superficial  areas ;  and  consequently  iiai 
attraction  of  the  particles,  which  consists  in  the  excess  of  elas^^ 
city  on  the  exterior  and  interior  surfaces,  is  considerab^' 
augmented.  And  when  the  particles  come  into  absolute  con.* 
tact,  the  flat  sides,  by  displacing  a  greater  poiiion  of  the  mediuO, 
from  between  them,  will  occasion  the  particles  to  be  pressed 
together  by  a  force,  which,  instead  of  being  equal  to  about  the 

*  Wexe  the  psrCidea  of  fluid  bodiei  nearly  sphetkal,  and  were  It  b;  tortcB  rtdpio* : 
callf  proponianal  to  ihe  squares  of  [heir  cenEial  dLiLances  that  they  arc  kept  It^lber, 
we  should  have  (8,^  -  S^)  Q  =  f,  S,^  —  1  S^ ;  in  which  r„  I,  me  any  two  lonpeta' 
nuBi,  f,  being  the  higher,  S„  S,  the  eorreaponding  volumes  of  the  fluid  body,  and  Q  ■• 
aihilrary  qmntity  to  be  deteraiined  from  the  nature  of  the  fluid.  But  the  i 
4leterrainea  troni  this  foimula  are  msniTeatly  too  little  j  lince,  if  the  portidea  i 
■iiothet  with  such  forces,  the  fluid  csri  never  become  gaaeous.  The  true  lai 
tuiaia  Suid  uid  solid  bodies,  I  caueaalj  ifet«wa,tti 
:IhaTcnotjet  resetted. 
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sum  of  the  two  excesses  of  the  pressures  on  tlie  further  and 
lieftrer  sides  of  the  two  particles,  will  be,  perhaps,  nearly  equal 
to  the  sum  of  the  two  wnole  pressures  on  their  fuither  sides. 

Different  degrees  of  flatness  will  evidently  cause  different 
degrees  of  attraction  and  cohesion.  But  it  is  not  to  flatness 
alone  that  the  cohesion^  a£Binity,  &.c.  of  the  particles  may  be 
owing ;  a  proper  adaptation  of  the  parts  or  figure  of  one  particle 
to  the  parts  or  figure  of  another,  may  as  much  conduce  to  the 
cohesion  of  the  particles  as  flatness ;  and  hence  the  greatest 
scope  is  afforded  for  expounding  the  various  phsenomena  of  che- 
mical action.  Suppose,  by  way  of  example,  any  compound 
particle  whose  component  particles  have  a  certain  adaptation  in 
figure,  be  brought  into  contact  with  any  other  particle,  whose 
component  particles  have  likewise  a  certain  adaptation  of  figure; 
then  if  the  figures  of  the  elementary  particles  of  either  of  the 
compound  particles  have,  individually,  or  in  any  degree  of 
aggregation,  a  much  less  adaptation  to  one  another  than  they 
have  to  the  figures  of  the  elementary  particles  of  the  other  com- 
pound particle,  a  new  combination  wUl  instantly  ensue  ;  and  one 
or  more  particles  with  properties,  probably  very  different  from 
those  of  the  primitive  compound  particles,  be  formed «  In  this 
way,  therefore,  decompositions  and  precipitations  may  take 
place,  or  new  compounds  be  made ;  and  thus  the  various  phae* 
nomena  of  chemical  affinity  may  result  entirely  from  the  sizes 
and  figures  of  the  component  particles.  Besides,  as  an  aggre- 
gation or  division  of  the  elementary  particles  will  generally 
accompany  every  chemical  change,  so  also  will  an  elevation  or 
a  idepriession  of  temperature,  and,  therefore,  the  change  that 
ensues  in  the  temperature  might  serve  for  an  index  to  point  out, 
in  some  measure,  the  kind  of  change  that  has  been  effected ; 
and  by  this  means  possibly  some  conjectures  might  be  formed  of 
the  physical  composition  of  many  bodies. 

I  might  now  extend  my  observations  to  the  solution  of  many 
other  phaenomena  of  nature.  1  might  show  that  the  fluidity  of 
bodies  arises  from  their  particles  not  having  a  sufficient  adapta- 
tion of  figure,  to  make  their  cohesive  tendency  overcome  the 
effects  of  their  mutual  impulses,  due  to  the  limiting  temperatures 
at  which  they  are  fluid.  I  might  show  that  the  boiling  points  of 
fluids  depend  chiefly  on  the  magnitude  of  their  particles,  and 
their  freezing  or  congealing  on  me  magnitude  and  adaptation 
conjointly.  I  might  show  how  different  combinations  of  the 
.  same  elements  might  produce  bodies  differing  essentially  in 
colour,  solidity,  specific  gravity,  8cc.  such,  for  instance,  as  char- 
coal and  the  diamond ;  and,  therefore,  that  notwithstanding 
such  bodies  may  be  composed  of  precisely  the  same  constituent 
parts,  a  transmutation  from  the  one  to  the  other  can,  perhaps^ 
never  be  expected,  unless  by  decomposing  them  into  their  con- 
stituent elements;  and  then  discovenng  some  method  of  reasso- 
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catting  those  «leineuU  io  the  particular  maimer  that  nature  htt 
adopted.  I  mi^bt  likewiee  unfold  the  cause  of  the  opacity  and 
transparency  of  Dodies,  and  show  that  the  phenomena  of  reflec- 
tion and  refraction  consist  in  two  distinct  forces  residing  the 
ooe  without  the  other,  and  acting  upon  the  luminous  particlei 
eeparately  and  distinctly  near  the  surfaces  of  bodies  ;  that  the? 
Sgiu%a  ol  the  molecules  of  light  are  the  cause  of  the  fits  of  ea^ 
reflection  and  transmission;  of  the  phenomena  of  polarizatioii;^ 
and  combined  with  the  figure  of  the  integrant  particles  of  donl^, 
refracting  crystals,  hkewise  the  cause  of  double  refraction  autt- 
ite  consequent  ptiaenomeua.  And  by  the  same  principles  X% 
might  show  how  to  explain  the  disproportJonal  oisperHion  «^ 
light,  and  the  various  phEenomena  of  ditiVaction,  as  well  as  thi 
intersect! onary  bands  lately  discovered  by  Mr.  Knox,  and  8on)iL| 
circular  and  hyperbohc  bands  discovered  by  myself.*  I  loighfa 
also,  from  onr  solution  of  the  problem  of  gravitation,  demonstiatepi 
that  the  particles  of  light,  however  diUerent  in  size,  must  ba|| 
emitted  with  nearly  equal  velocities;  that  the  velocity  of  thn 
solar  and  astral  light,  conformably  to  phenomena,  should  ttt 
nearly  equal ;  and  that  it  is  to  the  reciprocal  action  of  the  suttt 
and  stars,  that  gravitation  itself,  and  consequently  all  the  other 
phenomena,  are  owing ;  but  as  1  have  considerably  extended 
this  memoir  beyond  the  limits  I  at  first  intended,  and  as  my 
ideas  on  some  of  these  subjects  are  not  yet  sufficiently  matnreOi 
I  have  deemed  it  better  to  reserve  what  I  may  have  further  to 
say  to  a  futiu-e  period,  when  1  may  be  enabled  to  put  these  and 
some  other  things  together  in  a  more  methodical  form. 

For  like  leasons,  1  shall  not  now  stop  to  inquire,  whether  the 
pheenomena  of  magnetism,  electricity,  and  galvanism,  are  refetfr- 
nie  to  the  aame  prmciples  or  not.  Nor  sliall  I  attempt  to  nwM 
any  observations  on  the  still  more  metaphysics  properliWi 
ascribed  by  Newton  to  our  gravific  medium ;  namely,  whstlite 
"  Senaatio  omnis  excitatur;  et  membra  aniiualium  ad  voluntas 
tern  moventur,  vibrationibtis  hujus  spiritus,  peisolida  nervonnDLi 
capillameiita,  ub  externis  sensuuni  organis  ad  cerebmu,  «t  ia 
cerebro  in  musculos,  propagatis;"  for  these  are  apccuIatioMi 
much  too  metaphysical  for  this  place,  and  are  besides  thingi 
"  qua  paucis  exponi  non  posstint." 

I  am,  dear  Sir,  your  obedient  humble  servant. 

Brutal,  KmntUllill,^  Mayia,  I8VC.  JoHN  HeRAPATII. 

*  It  WM  intended  la  make  Uie  gu1»tuicc  of  tliis  comniunlcBtkin  a  tupplemoit  M  «M 
CDntwning  an  account  iif  these  band^,  witli  a  DiBibemaikal  cxplkation  uf  thdr  cannf. 
but  finding  that  I  (Muld  not  explain  myscir  in  no  fewwoidri  as  1  expected,  I  larethou^H? 
it  pnfcnlilF  M  omit  the  opcicd  nut  alu^iellitr.  '  <q 

+  This  WBi  wrineu  at  Knowle  Hill,  hut  the  Miihor  now  lesia  U  Cranfwd.  "—  *^ 
■low,  London. 
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C^fimUnkatien  fmm  the  Ret),  H.  S,  Trifnmer  rapeertfig  Mr. 

Herapath  i  Exp€rtmcjfts» 

•   9Ui,  r      .  .    f^icartfge^  ffetttm^  Middlesex^  Mm^  21^  IB2U 

When  Mr.  Herapath  had  detennined  to  publish  in  your  valua^ 
ble  wdlrk  his'^'  Mathematical  Inquiry  into  toe  Causes,  Laws;  and 
prmeipal  Phenomena  ■  -of  H«at^  Gases,  .  Gravitation,  '&c/'< = it 
appemd  =io  him  desirable  that  another  paper  containing  the* 
result  of  experiments  made  by  him,  and  illustrating  theaccuracy 
of  his  views,  should  immediately  follow ;  and  he  had  accordin^y* 
made  an  arrangement  for  the  appearance  of  this,  latter  paper  in 
the  number  for  July.  '  .    ;      ,  t.. 

The  circumstances  which  ihave  rendered  an  alteration  in  this 
plan  necessary  having  originated  with  me,  I  consider  it  proper 
to  apologize  to  you  for  any  inconvenience  .which  may  hav^ 
arisen' to  yourself  or  for  the  disappointment  which  may  be  f^t 
Irjryoor  readers  from  my  withholding  thia  paper,  and  placing  it 
in  a  different  channel. 

It  has  now  been  presented  to  the  Jloyal  Society  by  Davies 
Gilbert,  Esq.  MP.  VPRS,  &c.  who  received  it  from  my  hands. 

I  am,  Sir,  your  obedient  humble  servant, 

H.  S.Tbimmbr;^ 
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Analysis  of  Verdigris.    By  R.  Phillips,  FR8E.  &c. 

f 

Having  lately  had  occasion  to  make  some  inquiry  into  the 
diflRnrent  methods  of  preparing  acetic  acid,  my  attention  was  of 
cotmie  particulariy  directed  to  acetate  of  copper,  as  one  of  the 
substances  from  which  it  has  been  often  procured.  Upon 
referring  to  the  more  recent  chemical  authors  to  ascertain  its 
composition,  I  could  not  find  that  any  analysis  of  it  had  been 
made  since  diat  given  by  Proust,  according  to  which  crystallized 
acetate  of  copper  consists  of 

Acetic  acid  and  water •  •  61 

Peroxide  of  copper 39 

100 

From  this  statement,  it  is  not  possible  to  learn  the  quantity  of 
real  acid  contained' in  th^aalt;  I  made,  therefore,  some  experi-* 
ments  to  determine  thjn  point.  Ace^c  acid  does  not  form  with 
any  substance  a  sufficiently  insoluble  compound  to  enable  us  to 
determine  its  equivalent  with  precision,  nor  can  the  whole  of  it  be 
obtained  by  distillation  ;  I  adopted  as  a  substitute  the  following 
tnethod :  One  hundred  mrains  of  crystallized  acetate  of  copper 
were  dissolved  in  distilled  water ;  excess  of  hydrate  of  lime  was 
added  to  tbtf  solution,  and  the  mixtuxe  V)o\!Lq^.  .  WkJ^  ^^bi^&  ^\ 

Mw  Serki,  yoh.  i.  2  D 
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copper  precipitated,  and  the  undissolved  lime,  were  sepanitetl 
by  the  filter;  through  the  clear  solution^  containing  excess 
of  lime,  1  passed  a  current  of  carbonic  acid  until  the  Ume 
was  precipitated,  and  I  then  heated  the  solution  to  separate  any 
carbonate  of  lime  which  might  have  been  redissolved  by  the 
Carbonic  acid.  Having  filtered  the  solution,  I  found  it  to  be' 
neutral  acetate  of  Ume,  and  then  decomposed  it  with  carbonate 
of  soda,  which  gave  48-5  grs.  of  carbonate  of  lime.  On  repeat- 
ing the  experiment,  I  obtained  48'G  grs.  the  mean  being  48'66. 
One  hundred  grains  of  crystalhzed  acetate  of  copper  were  dis- 
solved in  water,  and  boiled  with  excess  of  potash.  The  peroxide 
of  copper  precipitated,  weighed,  after  washing  and  drying,  38'9 
grs.  On  repetition  I  procured  39*5  grs.  giving  a  mean  of 
39-2  grs. 

According  to  Dr.  Thomson,  an  atom  of  acetic  acid  weighs 
63'75 ;  and  I  am  satisfied,  from  various  experiments,  that  it  is 
very  nearly  correct ;  and  if  we  consider  this  acid  to  be  composol^ 
of  Uiree  atoms  of  hydrogen,  three  of  oxygen,  and  four  of  carl 
as  is  generally  admitted,  it  will  be  represented  by  63-96  on  — -^_ 
WoUaBton's  scale,  agreeing  almost  precisely  with  Dr.  Thomsoa 
determination,     if  tiien  63  of  carbonate  of  lime,  the  nunih 
representing  it  on  the  scale,  give  63-96  for  acetic  acid,  48-55  ti 
carbonate  of  lime  resulting,  as  above  described,  from  the  trei 
ment  of  100  grs.  of  acetate  of  copper,  will  indicate  49-2  of  ace) 
acid  ;  so  that  we  may  consider  crystallized  acetate  of  copper 
composed  of 

Acetic  acid 49-2 

Peroxide  of  copper 39"2 

Leaving  for  water 11-6 

100-0 
be  a  CO 
if  oxygen  20,  and  one  atom'  of  copper  86,  Hi 

ion  of  verdigris  will  be  :  ' 


'  'If,  as  is  generally  admitted,  peroxide  of  copperbeacompottf 
B;  theory. 


of  two  atoms  of 
atomic  constitution 


2  atoms  of  acetic  acid 127'92   ....   128-84 

I  atopi  of  peroxide  of  copper.  . .  lOO-OO   ....  102-65 

3  atoms  of  water 33-96   ....     30-39 


K  261-88  

_Dr._ Thomson  has  lately  shown,  that  the  salt  called  blue  vitj^ 
is  a  bisulphate  of  copper ;  and  in  addition  to  the  reasons  whic 
he  has  assigned  fortius  opinion,  Imay  acid  that  if  finely  dividi,^^ 
carbonate  of  Ume  be  added  to  a  solution  of  it,  insoluble  sulphd 
of  copper  is  precipitated  with  effervescence,  and  as  the  su^ 
effects  are  produced  with  the  soluble  nitrate  and  muriate  of  cfl 
per,  and  with  the  acetate  also,  although  very  slowly,  I  tiiink  ^ 

may  conclude,  that  the  soV>i\Ae  niU^Vt  Mii  'm^m'^.^K,  aa  well 

the  euiphate  and  acetate,  are\)iaaite. 
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Article  III. 

Obsercatiofis  upon  the  Gas  Blotvpipe,  and  upon  some  of  the  more 
'  remarkable  Results  which  have  been  obtained  in  using  this 
Instrument  during  a  Course  of  Five  Years,  in  which  it  has  been 
constantly  employed:  beiiig  a  Continuation  of  former  Remarks 
won  the  same  Subject J^  By  Edward  Daniel  Clarke,  LLD^ 
Frofessor  of  Mineralogy  in  the  University  of  Cambrid — 
Member  of  the  Royal  Academy  of  Sciences  at  Berlin^  &c. 

(To  the  Editor  of  the  Annals  of  PhilosophyC) 

SIR,  CambHdgey  May  12,  182t» 

A  PERIOD  of  five  years  has  now  elapsed  since  I  first  began  a 
course  of  experiments  with  the  gas  blowpipe.  In  all  this  time 
[bose  experiments  have  been  of  a  public  nature.  Upwards  of 
100  persons  were  prfesent,  March  16  of  the  present  year,  when 
tJbe  metaltic  base  of  barytes  was  revived  and  exhibited.  It  had 
been  cut  by  a  file  in  three  places  ;  and  it  presented  such  a  high 
96gree  of  metaUic  lustre  that  it  seemed  as  if  the  points  of  three 
Mh  tiailB  had  been  similarly  acted  upon  by  the  file.  This 
aietallic  body  being  then  left  covered  only  by  a  glass  ve^sel^ 
speedily  became  oxided,  and  fell  into  a  white  pulverulent  earth 
n  barytes.  In  this  experiment,  no  oil  had  been  used  to  mix 
mih  the  barytic  earth  for  the  purpose  of  making  its  particles 
idfaere ;  it  was. taken  from  a  glass  vessel  in  a  compact  state;  ad 
:t  had  beej^  prepared  with  the  utmost  care  by  Messrs.  Allen^ 
chemists,  of  London ;  and  was  exposed^  per  se,  to  the  flame  of 
*he  gits  blowpipe  J  supported  in  a  pair  of  forceps^  the  points  of 
Krhich  Were  made  of  slate.  The  reasons  which  have  ^ven  rise 
^  the  opinion  that  the  metallic  substance  thus  so  o%en  exhi« 
lited>  is^  in  fact,  the  metal  of  burytes,  are  dimply  its  property  of 
fftpidly  decomposing  water  and  atmospheric  air ;  added  to  the 
perfect  metallic  lustre  which  it  discloses  to  the  action  of  a  file, 
JT  other  sharp  instrument.  In  addition  to  which  may  also  be 
nentioned  the  appearance  which  it  exhibits  prior  to  its  being 
mt.  It  has  then  a  highly  metallic  surface  resembling  tiie 
italactites  of  the  black  oxide  of  manganese;  but  of  a  jet-black 
ihining  colour^  with  occasional  metalline  particles,  disposed  in  a 
lendritic  crystallization  upon  the  dark  surface.  If,  hereafter^ 
shemists  should  determine  that  these  characters  are  not  of 
Jiemselves  sufficiently  decisive  as  to  its  metalUc  nature,  still  thd 
lame  of  plntonium,"  which,  in  a  former  communication,  I  ven^ 
sored  to  give  to  this  appearance,  may  be  considered  as  useful 
br  its  distinction,  because,  whatever  be  its  real  nature,  it  is  a 

♦  See  jinnals  efPhihrnphy^  x.913.  w.  \^,  lut.     . 
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result  or  fusion  possessing  properties  of  a  peculiar  nature.  It 
differs  from  wood-tin,  which  exhibits,  after  fusion,  the  same 
degree  of  metallic  lustre,  but  is  still  in  the  state  of  an  oiide. 
Being  guided  by  no  other  views  than  those  which  may  con- 
duce to  the  interests  of  science  and  the  advancement  of 
truth,  alter  once  more  calling  the  attention  of  your  readen 
to  a  subject  not  unworthy  of  their  regard,  it  is  my  inten- 
tion to  consign  to  them  its  future  and  further  consideration; 
briefly  adding  what,  in  the  course  of  the  last  five  years  of  expe- 
rience, 1  have  discovered  to  be  the  cause  of  failure  in  the 
attempts  made  for  obtaining  tliis  effect  of  fusion  in  bari/tes ;  and 
moreover  a  few  remarks  upon  some  other  curious  phenomena 
which  the  use  of  the  gas  blmcpipe  has  developed. 

In  the  first  accounts  which  I  published  of  experiments  with 
this  blowpipe,  the  propriety  of  mixing  the  oxygeit  and  hydrogm 
gases  in  the  exact  proportion  for  forming  water  was  always 
insisted  upon ;  because,  when  the  hydrogen  gas  is  only  addeilin 
slight  excess,  the  mixture  either  will  not  bum  at  all,  or  tte  h  "" 
perature  of  the  flame  is  greatly  diminished ;  upon  the  elevat 
of  which  temperature  the  success  of  many  experiments  depenf 
There  are  some  experiments  for  which  only  /ii/drogen  gas  ali 
may  be  employed  combined  with  a  small  portion  of  atmosphL 
air ;  or  hydrogen  gas  uncombined  with  any  other  aeriform  fliupE^ 
but  the  temperature  is  then  greatly  lowered ;  and  hence  may  •* 
perceived    the   impropriety    of   naming    this   instrument    ( 
oxy-hydroeeii  hXowpipe ;  because  it  is  adapted  to  gases  of 
kinds  i  whether  in  a  state  of  explosive  mixture  or  not;  so; 
being  used,  as,  for  example,  oxygen  gas,  not  for  combustion, ' 
merely  as  a  supporter  of  combustion,  to  propel  the  flame  i^ 
combustible  bocfy,  as  alcohol.     It  is  on  this  account  that  I  hai 
preferred  calling  it  the  gas  blowpipe ;  being  an  appellation  of] 
more  general  nature ;  applicable,  not  only  to  the  use  whii ' 
have  made  of  it  in  burning  the  gaseous  constituents  of  id 
but  to  all  its  operations  with  condensed  gases  of  whatsoei 
nature  they  may  be.     But  to  return :  I  have  since  found   ' 
for  communicating  the  utmost  elevation  of  temperature  to  ^8? 
flame  of  mixed  oxygen  and  hydrogen  gases,  it  is  better  to  addt^ 
A^ifrogeHgBsin  greater  excess  than  was  atfirstthought  tobenece^' 
sary  -.  instead  of  two  parts  by  bulk  of  hydrogen  to  one  of  oxygefl 
the  proportion  of  nine  to  four  is  greatly  to  he  preferred ;  as,  Em 
example,  nine  pints,  or  measures,  oi  hydrogen  gas,  to  four  pinta. 
or  measures,  of  oxyeen  gas*     The  operator  upon  opening  '1>*^ 
Talve,  to  set  fire  to  this  mixture,  will  mimediately  perceive  L 
much  more  explosive  it  is  than  any  other;  by  the  rapid  sni 
ping  noise  of  the  flame,  caused  by  successive  detonations  all 
mouth  of  the  jet,  while  he  is  lighting  the  gas  with  a  paper, 

•  Thb  proportion  ought  eapedally  to  lie  observed  when  the  o.i^ffn 
obtuned  from  the  oxide  of  tntingentii.,  txA'ia.hydragtn.  gat  from  the  d 
'  r  bj  irotiJUifgi  acted  u'[ion>i'j  wliplMirtc  vM. 
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Which  i&,ka  infallible  sign  of  the  excellence  of  his  gasbous  mix- 
ture for  all  experiments  when  the  highest  temperature  is  required. 
The  stoutest  platinum  wire  will  run  before  it  into  rapid  fusion^ 
and  is  immediately  exposed  to  combustion.    Pure  magnesia  may 
ihuB'be  easily  fused^  and  be  made  to  form  a  frit^  which  cuts 
glass  like  a  diamond.    The .  edges  of  Iceland  spar,  that  most 
refractory  of  all  bodies,  when  exposed  in  thin  laminse^  are  by 
the  flame  of  this  mixture  investea  with  a  white  opaque  enamel. 
Rubies  and  sapphires  become  liquid,  apd  flow  together  into  one 
boiling  mass.     Grains  of  iridium  melt  and  bum  like  platinum. 
TJhder  these  circumstances,  if  the  earth  of  barytes  be  now 
exposed  to  the  powerful  heat  of  the  burning  gaseous  mixture, 
unless  the  valve  be  partially  opened,  so  as  to  allow  a  very  small 
body  of  flame,  like  the  point  of  a  fine  needle,  to  act  upon  it,  it 
will  be  converted  into  a  ^eenish  glass,  or  into  a  substance  exter- 
nally resembling  horn,  disclosing  no  metallic  lustre  to  the  action 
of  the  file.     In  my  first  experiment  this  year  for  exhibiting  the 
metfdlic  base  of  barytes,  the  attempt  entirely  failed  ;  but  1  was 
th'ereby  guided,  for  the  first  time,  to  the  cause  of  the  failure  ; 
for  the  barytes  which  failed  was  taken  out  of  the  same  bottle  as 
tliat  which  afterwards  exhibited,  in  so  imminent  a  degree,  the 
metallic  lustre  I  have  alreadjr  described.    The  cause  was  owing 
td  the  length  of  time  in  wmch  fusion  had  been  going  on,  and 
the  too  powerful  heat  to  which  the  revived  metal  had  been 
exposed :  it  came  away  altogether  in  white  fumes,  settling  upon 
the  forceps,  and  tinging  the  flame  with  that  olive-green  cobur 
which  always  characterizes  the  combustion  of  the  metallic  base 
o(  barytes.  The  same  would  happen  with  silver;  the  whole  of  the 
metal  would  be  dissipated  in  white  fumes,  which  would  settle  upon 
^6  supporter  if  the  heat  be  continued  long  enough,  and  the 
flame  s^so  is  in  this  experiment  tinged  of  a  paler  greenish  hue. 
For  exhibiting,  therefore,  the  metaUic  lustre  otplutonium,  call  it 
a  metal,  or  a  protoxide,  or  by  whatsoever  other  name  chemists 
may  hereafter  decide,  it  is  necessary  that  the  experiment  should 
be  conducted  with  care.    The  barytic  earth  should  be,  in  the 
first  place,  rendered  as  perfectly  an  anhydrate  as  possible ;  the 
presence  of  sm  atom  of  water  would  inevitably  cause  the  experi- 
ment to  fail.     Of  course  it  is  hardly  necessary  to  add,  that 
water  ought  by  no  means  to  be  used  as  a  substitute  for  oil  in  the 
safety  cylinder ;    for  this  would   again    give   rise  to   failure. 
Having  a  small  cake  of  the  hard  anhydrate  o(  barytes,  supported 
by  a  pair  of  forceps,  allow  the  flame  gradually  to  acf^  upon  it, 
until  it  exhibits  after  fusion  the  deep  jet-black  substance  i  have 
before  alluded  to.    Then  while  it  is  hot,  rub  one  of  the  promi- 
nent points  of  this  black  substance  upon  the  sharpest  and  finest 
file,  previously  made  warm  before  the  fire,  taking  care  not  to  cut 
it 'too  deep,  because  that  would  disclose  the  barytic  earth  y^i 
remaining  below  the  part  which  has  been  fused*    TVia  metoXlit. 
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lustre  tnigbt  to  equal  that  which  la  presented  after  filing  the  end 
of  a  piece  of  iron  wire,  or  the  expenmeot  has  failed. 

Itnaa  aJways  failed  when  the  fused  baiyies  leaves  traces  of  s 
white  powder  upon  the  file. 

It  has,  moreover,  always  failed  when  the  fused  mass  e^ubita 
die  slightest  degree  of  translucency  ;  or  is  of  a  grey,  greeoi^, 
or  white  colour. 

It  has  always  failed  when  the  experiment  has  been  protracted 
beyond  the  point  at  which  the  metal  begins  to  burn,  and  is  disB- 
pated  in  white  fumes. 

To  all  those  gentlemen  who  have  so  often  witnessed  the  per* 
feet  metallic  appearance  of  the  melted  barytes  in  ray  lectsn 
room  at  Cambridge,  1  may  now  appeal  for  the  truth  of  the 
result;  being  very  anxious  that  others  should  also  witness  tlifl 
same  appearance,  to  whose  testimony  it  may  never  be  in  my 
power  to  appeal.  It  would  be  to  no  purpose  enumeratiag 
the  names  of  those  who  have  besn  present  with  me  during  my 
experiments ;  persons  not  only  of  this  University,  but  from 
various  parts  of  the  kingdom,  visiting  Cambridge,  have  satisfied 
themselves  in  this  respect.  Upon  JipnV  10,  1819,  there  were 
present  for  this  purpose  from  l^ndon,  Mr.  W.  Hamilton,  Under 
Secretaiy  of  State ;  our  Envoy  to  Constantinople ;  Mr.  B.  Frere; 
his  brother  Mr,  Serjeaut  Frere,  Master  of  iJowning  Colleee; 
Mr,  Metier,  Consul  at  Corfu ;  Mr.  Mackeiixie,  of  toe  Foreign 
OflSce ;  and  also  Colonel  titakes,  of  the  Artillery ;  all  of  whomi 
independently  of  those  whose  residence  here  gives  them  moiv 
frequent  opportunities  of  being  present  at  these  expeiimenb^ 
are  able  to  vouch  for  the  truth  of  the  statement  1  have  made. 

But  so  lately  as  the  25th  of  April,  of  the  present  year,  Pro/". 
Miillcr,  of  Copenhagen,  together  with  several  gentleEoen  of  thii 
University,  were  present  at  a  series  of  experiments  conducted 
with  the  gas  blovipipe,  and  all  of  them  witnessed  the  revival  of 
the  metal  of  barytes  by  means  of  this  instrument.  The  experi- 
ment was  conducted  as  before  described ;  and  was  repeated  in 
their  presence  always  with  the  same  result.  Prof.  Miiller  took 
away  with  him  a  specimen  of  the  metal  so  revived  ;  but  which 
of  course  would  speedily  aftenvarda  be  again  converted  into  the 
state  of  an  oxide.  It  is  suflScient,  however,  to  observe,  tiat 
they  all  saw  it  in  the  metallic  stale.  If,  therefore,  the  experi- 
ments elsewhere  should  not  be  attended  with  the  same  resells, 
the  circumstance  must  admit  of  this  obvious  inference  ;  that  the 
means  resorted  to,  and  the  manner  of  using  the  instrument 
have  not  been  made  adequate  to  the  end  proposed,  which  othe»  j 
wise  might  have  been  accompHshed.  \ 

The  other  chemical  changes  which  bodies  undergo  when 
exposed  to  tlie  full  powers  of  the  gas  blowpipe,  and  whkh 
appear  to  me  to  be  ot  a  nature  sufficiently  remarkable  to  merit 
^e  attention  of  cbemisVs,  ava  a4foV\o'«-. 
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)•  Mock  crystal,  or  any  other  highly  refractory  siliceous  or 
aluminous  substance,  being  allowed  to  fall  upon  a  deal  boards 
while  in  fusion,  and  there  left  to  become  cool,  exhibits  upon  the 
surface  that  came  into  contact  with  the  wood,  where  it  forms  a 
charcoal  cavity,  a  metallic  lustre,  equal  to  that  of  polished 
silver*  This  metallic  appearance  may  be  preserved  for  any 
length  of  time  unaltered.  Some  of  the  students  in  this  Univer- 
sity have  preserved  specimens  of  melted  rock  crystal  thus 
ipvested  by  a  seeming  metallic  body,  the  nature  of  which  is 
unknown. 

'  2.  White  opaque  quartz  melted  in  the  flame  of  the  gas  blowpipe 
)>ecomes  so  highly  limpid  and  transparent,  that  after  fusion  it 
fcas  all  the  appearance  of  rock  crystal.  The  Plutonists  may, 
perhaps,  hence  infer,  that  the  teansparency  of  rocA  crystal  » 
owingto the  heat  it  has  sustained. 

,  3.  The  varied  and  striking  colours  of  metallic  oxides  ar^ 
surprizingly  developed  by  the  fiame  of  this  blowpipe.  Among 
these,  one  of  the  most  striking  from  its  beauty  is  the  intense  red, 
or  bright  purple,  colour  of  the  oxide  of  calcium,  as  displayed 
during  the  fusion  of  Iceland  spar.  It  is  a  colour  which  cannot 
easily  be  described ;  beine  much  more  vivid  and  striking  thaQ 
the  colour  which  the  oxide  of  strontium  commuoicates  to  the 
9ame  flame,  and  of  a  hveUer  hue.  Add  also  the  beautiful  rosy 
colour  of  the  oxide  of  gold,  after  its  combustion  upon  pipe-clay  ; 
the  deeper  purple  hue  of  the  coippound  oxides  of  gold  and  ttff^ 
when  the  alloy  obtained  from  the  precipitate  of  eamus  has  jsiwr 
iajcly  sustained  combustion,  the  green  colour  of  the  qxidft  ojfrhor 
dium,  &c.  8cc. 

4.  The  gaseous  fluid  which  escapes  during  the  fri^ion  of  pure 
siUca,  has  never  been  collected,  and,  of  course,  remains  unknown* 

6.  Hie  dark  powder  dispeped  duringthe  combustion  ofplatp- 
num  requires  liirther  examination.  From  some  experiments 
made  with  this  substance,  of  which  I  before  pubushed  an 
account,*  it  seems  to  be  the  protoxide  of  the  metal. 

6.  The  dark  sooty-looking  powder  that  remains  after  the  solu- 
tion of  crude  platina  in  rdtrovmriatic  acid,  divested  of  all  metal- 
lic particles  which  may  remain  undissolved,  and  consisting 
essentially  of  the  oxides  of  iridium  and  osmium,  is  one  of  the 
most  refractory  substances  that  have  been  exposed  to  the  gais 
blowpipe.  By  making  a  filter  which  was  invested  with  this 
powder  into  a  pellet,  and  exposing  it  upon  charcoal  to  the  full 
power  of  the  name,  I  succeeded  in  melting  it  into  a  brittle 
metallic  mass  mixed  with  a  deep  blue  glass,  which  had  resulted 
from  the  silicated  alkali  contained  in  tne  paper  of  the  filter,  as 
in  all  vegetable  bodies.  It  was  not  rendered  malleable.  The 
surface  of  the  charcoal  during  this  experiment  was  covered  with 
an  oxide  of  a  dark  lilac  purple  hue. 


f^larke  upon  the  Gas  Blowp^ 

7.  The  beautiful  iridescent  crystals  which  fbrm  in  the  aqm 
Solution  of  the  muriates  obtained  by  dissolving  erode  plattna 
nitromunatic  add ;  and  afler  the  precipitation  of  platinum '  ^ 
muriate  of  ammonia,  are  easily  reduced  to  the  metallic  state  upro 
charcoal  by  the  flame  of  the  gas  blowpipe.  The  metal  So' 
obtained  is  perfectly  malleable,  and  has  all  the  characters  tf 
platinum;  excepting  that  it  is  almost  insoluble  in  nilromtiritSie 
add,  even  when  this  acid  is  in  a  boiling  state ;  owing,  probabk', 
to  a  small  portion  of  iridium  with  which  ihe  platinum  is  conta- 
minated. 

8.  The  prussiate  of  palladium  obtained  by  the  precipitation  of 
this  metal  hy  prussiate  of  mercury,  maybe  decomposed,  and  the 
pure  palladium  revived  upon  charcoal,  with  all  the  whiteness  of 
fiilvet,  and  made  perfectly  malleable.  This  last  experiment  with 
the  gas  blowpipe  is  remarkable  for  the  beautiful  sapphire-blue 
colour  with  which  the  flame  is  tinged  during  the  revival  of  the 
palladium.  It  affords,  moreover,  one  of  the  easiest  processes  for 
obtaining  small  specimens  of  pure  palladium  to  which  the  che- 
mist can  have  recourse.  All  that  is  necessary  is  briefly  this: 
.Dissolve  crude  platina  in  nitromuriatic  add;  evaporate  to  dry- 
ness ;  add  distilled  water;  precipitate  the  platinum  by  mtlriale 
oj' ammonia ;  filter  the  supernatant  solution  ;  precipitate  prussiate 
of  palladium  by  prussiate  of  mercury,  and  collect  the  precipilate 
upon  a  filter.  Now  make  this  filter  containing  the  precipi- 
tate into  a  pellet,  and  expose  it  upon  charcoal  to  the  flame  of 
the  gas  blowpipe.  The  result  will  be  a  malleable  bead  of  the 
pMTBst  palladium,  coated  ovex  with  blue  glass  from  the  siUcated 
alkali  of  the  paper  filter,  which  separates  from  the  metal  upon 
the  first  blow  of  a  hammer.  Glass  will  also  appear  in  all  experi- 
ments for  the  revival  of  metals  where  filters  have  been  thus  used. 
Itis,  perhaps,  a  similar  result  to  the  glass  which  remains  after  tlie 
combustion  of  bank-paper  notes. 

9.  The  revival  ofthesa/is  and  oxiWesofthe  four  metals  obtaiued 
from  arenaceous  p/Q(t«wMi;  namely,  iridium,  osmium,  palladium, 
and  rhodium,  whether  as  alloys,  or  as  piu'e  metals,  aJTord  some 
of  the  most  curious  and  amusing  experiments  with  the  gai 
blowpipe.  The  last  experiment  with  these  metals  which  I 
shall  now  describe  relates  to  the  revival  of  rhodium  from  its 
oxide,  as  obtained  in  the  following  manner:  After  the  solu- 
tion   of   crude  plafiiia   in  nitromuriatic   acid,    having  preci- 


pitated platinum  by  muriate  of  ammonia,  and  palladium  by 


,  immeree  a 


prussiate  of  mercury :  bIso  iron  bv  prussiate  of  pott-, 

clean  plate  of  zinc  into  the  filtered  liquor,  and  leave  it  for  several 
hours.  A  precipitate  will  fall  of  a  brownish-red  colour,  which, 
when  dry,  is  black.  Before  the  gas  blowpipe,  the  filter,  con- 
taining this  precipitate,  exhibits  a  sort  of  coruscation,  like  a 
little  firework  ;  but  at  length  a  slag  will  remain  on  the  charcoal 
of  an  iron-brown  co\oijt,  coQti\tvvo^'N\'Oti\-&'&,?i.W.adof  a  silvery- 
"     liite  metal.    Itua  metaiia  Wiiw  'Ocaa  ■mQM'^\.\TO'tt.  \\.-«» J 
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also  brittle. .  I  endecivoured  to  dissolve  the  slag  Contain  ing  itGiy 
boiling  it  in  causftic  potass,  but  could  not  succeed.  Afterwards 
1  sidded  mtromuriatic  acid,  and  having  evaporated  the  acid  ^6 
dryness,  there  remained  a  rose-coloured  salt.  Still  the  bead  .of 
metal  remained  chiefly  undissolved.  I  then  fused  it  with  suU 
phur,.  and  expelled  the  sulphur  on  charcoal  b^  the  common  blow- 
pipe. StiU  me  metal  was  brittle.  I  then  tried  to  cupel  it  upon 
pipe-clay  with  borax ;  it  was  infusible ;  but  it  communicated  a 
orown,'  and  ailerwsirds  a  black  colour  to  the  borax  ;  which  are 
the  hues  of  the  deutoxide  and  protoxide  of  rhodium.  The  metal 
abo  in  these  experiments  always  became  black  by  heat ;  which 
is  another  character  o( rhodium.  By  mixing  together  dry  caustic 
potass  and  boraXj  in  equal  parts,  1  found  I  could  hold  it  in 
perfect  fusion  upon  cAarcoflZ  before  the  common  blowpipe,  and 
distinctly  discern  the  minute  globules  of  metal  separating  in  the 
boiling  flux.  Still  the  result,  when  cold,  was  bnttle,  and  quite 
black.  I  then  boiled  it  again  in  nitromuriatic  acid,  and  by  eva- 
poration tp  dryness  had  a  beautiful  rosy  muriate.  Afterwards  I 
a4ded  the  acid  once  more,  in  a  dilute  state,  with  common  salt. 
The  rosy  soda  muriate  appeared  as  it  became  dry.  I  washed  the 
residue  repeatedly  with  alcohol,  and  dried  it.  Distilled  water 
was  then  added,  and  the  solution,  by  gentle  heat,  being  evapo- 
rated to  dryness,  the  rosy-coloured  soda-muriate  appeared  as 
before;  bnt  in  less  quantity.  These  experiments  were  con- 
ducted upon  a  bead  of  metallic  rhodium,  revived  from  its  oxide 
before  the  gas  blowpipe,  the  weight  of  which  originally  could  hardly  • 
l^ave  equalled  1-lOthofagrain.  When  the  oxic/e has  been  obtained 
in  greater  quantity,  nothing  more  is  necessary  for  its  revival, 
than  to  mix  it  with  oil,  ana  expose  it  upon  charcoal  before  the 
jBame,  which  should  be  made  to  act  vertically  upon  the  oxide  by 
means  of  a  bent  tube. 

The  experiment  is  beautiful,  owing  to  its  simplicity,  to  the 
facility  with  which  it  may  be  conducted,  and  to  the  curious 
result  which  follows  it ;  namely;  the  revival  of  metallic  rhodium, 
exhibiting  all  the  whiteness  and  lustre  of  the  purest  silver,  and 
being  perfectly  [malleable.  This  experiment  was  attended  with 
more  than  usual  success  on  Saturday,  May  12,  when  it  was 
publicly  performed  in  my  lecture  room  in  Cambridge.  The 
black  oxide  of  rhodium,  precipitated  from  its  solution  by  zinc, 
was  mixed  in  the  form  of  powder  with  oil,  and  exposed,  upon 
charcoal,  to  the  flame  of  tne  gas  blowpipe.  It  was  first  melted 
into  a  black  slag ;  then  into  a  brittle  white  regular,  which,  by 
continuance  of  the  heat,  became  a  bead  of  metal  as  white  as  the 
purest  silver.  It  then  began  to  bum,  like  platinum,  with  scin- 
tillation ;  and  the  flame  of  the  burning  metal  was  tinged  with  a 
fine  emerald-green  colour ;  proving  that  one  of  the  oxides  of 
rhodiujn  may  have  the  same  hue.    The  bead  of  metal  was  then 

f  laced  upon  an  anvil,  where  it  sustained  the  shocks  of  a  large 
Ammer;.knd. was  finally  extended  andfL^\Xi^\x<^^W\\]ei\^^    vv. 
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is,  therefore,  evident  that  rhodium  may  be  roUed  and  taade  into  [ 
foil  like  platinum.  But  tLere  is  one  curious  circumstance  whicli 
will  render  it  always  brittle.  If  a  quantity  of  the  soda-muriaU 
be  mixed  with  the  black  oxide,  a  reguliis  may  be  revived ;  bat 
no  degree  of  heat,  nor  any  repetitiou  of  fusion,  will  render  it 
malleable.  A  portion  of  it  will  then  always  be  converted  intu 
glass,  and  it  will  exhibit  a  granular  texture,  depriTing  it  of  icat 
lability.  Nor  is  the  soda-muriate  itself  so  likely  to  be  revived 
in  a  malleable  state  as  the  black  oxide  of  the  metal,  which  never 
fails. 

10.  The  hard  carbonate  of'  magnesia  from  the  East  Indies,  L 
described  by  Dr.  Henry,  in  a  late  immber  of  the  Annals  of'  Pki- 
loiophy,  fused  before  the  gtis  blo-wpipe  into  a  white  enamel,  conk- 
municates  a  purple  colour  to  the  flame. 

1 1.  A  remarkable  di£ference  may  be  observed  in  the  fu»ion  of 
the  several  crystallized  and  amorphous  varieties  of  the  pbosphatei 
ofhme.  Some,  like  the  white  opaque  apatite,  from  DevoiuhtTt^ 
bising  into  a  jet-black  gloss  which  ia  magnetic;  others,  as  the 
conchoidal  apatite  of  Modum,  in  Norway,  and  the  earthy  apatite 
of  Estremadoura,  fusing  into  greenish  and  limpid  glasses,  which 
have  no  magnetic  properties. 

To  conclude  all  these  observations  upon  the  gas  blowpipe,  it 
will  be  useful  to  some  of  ynur  readers  to  be  informed  of  the  best 
method  of  preserving  the  bladders  employed  for  containing  th* 

faaeous  mixture ;  because  it  is  difficult  to  meet  with  very  Targe 
ladders,  and  they  are  soon  rendered  unfit  for  use  without  ths 
following  precaution.  Let  them  be  kept  carefiilly  rubbed  oveif 
with  oil,  and  distended  with  common  mr,  when  not  wanted  foi 
experiments.  By  attending  to  this  mode  of  preserving  them, 
we  have  found  that  the  same  Madder  may  be  made  to  last  ii) 
constant  use  for  the  gas  blowpipe,  upwards  of  two  years,  withou:^ 
becoming  porous,  which  so  frequently  happens  where  Uie  oil  ha» 
not  been  applied,  iu  conatqucucc  of  the  attacks  of  insects, 

Edwabd  Daniel  Clabke, 
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Reply  to  Dr.  Ydloly's  Remarks  on  tlie  Estimate 

J'ra'm,  the  Operation  oj  Liiliolomy.    By  W.  Prout,  lilD.  FRS."' 

(To  the  Editor  of  the  Aanah  of  Philosophy.) 

-  DEAR  SIH,  M,iy  «,  I82I. 

In  reply  to  Di.  Yelloly's  remarks  on  my  estimate  of  mortar 

lity  from  the  operation  of  lithotomy  in  your  last  number,  I  beg 

leave  to  observe  that  the  adoption  of  the  ratio  alluded  to  is  nu^ 
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jmeaa  which,  in  the  present  improved  state  of  surgery  shall  tole- 
~  mlaty  well  senre  for  the  whole  kinsdom.  The  data  we  possejss 
are  obviously  too  imperfect  to  adoiit  of  this  being  done  with 
^uch  precision,  and  the  ratio,  actually  deducible  from  them  (viz. 
1  in  about  6^)  seems,  when  all  the  circumstances  are  duly  con- 
sidered, io  exceed  the  truth.  On  the  other  hand,  the  ratio 
deducible  on  general  principles  from  the  same  dato,  though 
of  course  not  necessarily  more  correct  than  the  actual  one,  hap- 
pens to  coincide  more  nearly  with  my  views ;  hence  (and  as  I 
am  also  reasoning  generally),  I  give  it  the  preference.* 

The  circumstance  which  renders  the  data  in  question  particu- 
larly defective  is  their  not  including  the  metropolis,  where^ 
according  to  Mr.  Smith's  estimate,  two-fifths  of  the  whole  num- 
ber of  operations  in  the  Idujgdom  are  performed.  We  have  no 
means  of  obtaining  correct  information  on  this  point,  which  is 
much  to  be  resetted,  but  when  we  take  into  account  the 
acknowledged  skill  of  our  surgeons,  and  the  fact  that  nearly 
one-half  ofuie  above  proportion  of  cases  are  private,  in  which 
of  course  every  eircumstance  that  united  extraordinary  skill  and 
attention  can  devise  to  ensure  success  is  attended  to,  we  cannot 
hesitate,  I  think,  to  draw  the  conclusion,  that  the  rate  of  morta- 
lity is  as  favourable,  if  not  more  so,  ijni  London,  as  in  any  part 
of  the  country.  This  circumstance,  if  admitted,  will  tend  to 
diminish  considerably  the  general  m^tio  of  mortality ;  perhaps, 
reduce  it  to  1  in  7,  or  upwards,  even  according  to  the  usual 
mode  of  estimation  by  taldng  the  average  of  a  number  of  past 
years.  But  this  mode  of  estimation  is  not  exactly  applicable  to 
my  purpose.  I  wish  to  represent  the  rate  of  mortality  as  it  exists 
at  this  time,  when  I  am  willing  to  believe  the  sm^cal  art  is  more 
perfect  than  at  any  former  period  :  this,  if  admitted,  will  allow 
a  still  further  reduction  in  the  rate  of  mortaUty ;  so  that  upon  the 
whole,  I  trust  the  ratio  given  does  not  much  exceed  the  truth; 
and  if  it  does,  I  acknowledge  that  I  feel  much  less  regret  in  fall- 
ing into  an  error  on  this  side  of  the  question  than  the  other .f 

Such  are  the  principal  reasons  which  induce  me  to  prefer  the 
general  ratio  I  nave  given  to  that  actually  resulting  from  my 
imperfect  data.  I  do  not  mean  to  assert  that  they  are  absolutely 
conclusive,  but,  on  the  contrary,  willingly  admit  that  there  is 
room  for  diversity  of  opinion  on  Uie  subject.  Every  one,  there- 
fore, must  decide  for  himself. 

*  Mearuy  generally  speaking,  are  correct  in  poportkm  to  the  number  of  obaerran 
jdons.  Thus,  from  the  multipUed  observations  of  tie  Bristol  data,  the  mean  deduced 
on  general  prindples  differs  very  littb  from  the  actual  mean,  though  both  are  evidently 
very  far  below  ue  general  mean  as  applicable  to  the  whole  kingdom.  On  the  othe^ 
hand,  the  mean,  as  deduced  in  general  principles  from  the  Norfolk  data,  h^pens  to 
consdderably  exceed  the  actual  mean,  the  periods  of  observation  being  cply  two  (viz. 
b^/bre  and  after  puberty).  This  error  in  excess,  however,  though  of  a  different  kind, 
serves,  in  the  final  genenlizadon,  to  counteract  die  error  of  deficiency  in  the  Bristol  data. 

-|-  Dr.  Marcet  estimates  the  mortality  in  Guy*s  Hospital  at  about  1  in  7.  Mr.  Mar- 
tinicau,  of  Norwich,  has,  I  understand,  during  the  last  i7  years,  performed  tjie  operation 
b5  times  with  the  loi»  of  only  two  patienbi. 
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From  the  aumiuary  nature  of  my  little  volume  the  above  ha* 
been  omitted,  as  well  as  a  great  deal  more  on  some  other  points, 
which  1  fear  will  in  consequence  be  liable  to  be  misunderstoodi 
I  hope,  however,  to  have  it  in  my  power  to  obviate  this  objection 
at  no  veiy  remote  period.  i  am,  yours  truly, 

William  Pkotjt.     ' 


Upon  a  new  Tlijdro-Pneumatic  Blowpipe,   so  conslriicfed  as  (o 
'  miiiiitam  durin«  two  Hours,  iinlnlemipledl)/,  a  Degree  ofHedt 

Zableofmelhiig  Plaliniim  :  andlhis  bi/ propelling  the  Ftamk^ 
a  small  Wax  Taper  with  Atmospheric  Air.  By  Edwara[ 
niel  Clarke,  LLD,  Professor  of  Mineralogy  in  the  Univei^. 
j^^  Bity  of  Cambridge,  Member  of  the  Royal  Academy  00 
.    Sciences  at  Berlin,  &c.  &c. 

(To  the  Editor  at  the  Annals  of  PkHosopliy .)  . 

8IS,  Cambridge,  Mag  15,  IS9I, 

To  the  various  successive  improvements  which  the  blowpipi 
has  received,  we  may  now  apparently  add  another,  possessed' 
of  considerable  advantages ; — I  allude  to  that  form  of  tne  instroi' 
ment  wherein  the  air  is  propelled  from  a  jet  by  the  pressure  of  4' 
qnanlity  of  water;  this  being  the  kind  of  bhxepipe  on  whidi' 
these  improvements  are  founded,  I 

The  advantages  of  the  old  instrument  consisted  in  the  opera-, 
tor  having  both  his  hands  at  liberty  ;  and  in  the  relief  which  it' 
afforded  from  that  fatigue  and  possibility  of  injury  to  the  lungk 
incident  to  a  protracted  restraint  on  the^ir  free  action,  to  whi^* 
persons  using  the  common  mouth  blowpipe  were  liable.  TA' 
these  advantages,  which  the  new  instrument  also  poBsesees,  wc^ 
may  add  the  following :  ' 

1.  Either  common  air,  or  any  other  gaseous  fluid  may  be  used  * 
for  the  propelling  current,  by  condensiug  itin  the  reservoir,  and'* 
thus  espenments  may  be  made  on  the  fusing  powers  of  the  dif-  * 
ferent  ^ases  with  perfect  ease  and  convenience.  '   ' 

2.  The  power  of  entire  exhaustion  possessed  by  the  new  J 
instrument,  ensures  the  operator  from  any  admixture  of  common 
air,  where   oxygen  gas,   or   any  other  gaseous  fluid  is   to  bfi' 
employed. 

3.  The  old  instrument,  althoutch  very  useful  for  bending  tube*;' 
or  other  ordinary  purposes,  required  to  be  repeatedly  restored  t<i 
action  by  fresh  supplies  of  air,  at  intervals  seldom  exceeding  fivp ' 
minutes,  in  the  common-sized  instruments.     In  the  newinstrif- 

ment  there  is  this  great  vm'pTQvetOetA  ■,  -OsvaA.  -a.  'sXs.'a.i.'j  ^waH,  **••'' 
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tyiO  houn  continuance  may  be  maintained,  of  the  jnofit  perfect 
shape  and  uniform  temperature,i  uninterrupted  by  casual  currents 
from  the  pneumatic  reservoir. 

4.  The  troublesome^  interruptions  caused  by  the  ejection  of 
water,  while  supplying  the  apparatus  with  air,  which  were  comr 
mon  in  the  old  mstrument/do  not  happen  in  the  new  one. 

5.  The  new  instrument  may  remain  unemployed  for  any  length 
of  time,  being  always  ready  for  instantaneous  use,  and  requinng 
no  other  preparation  than  merely  that  of  lighting  the  wax  taper 
employed  to  supply  the  flame. 

The  manner  m  which  this  instrument  was  brought  to  its  pre- 
sent state  of  perfection,  affords  an  anecdote  which  may  not  be 
uninteresting  to  your  readers  ;  because  it  will  show  the  force  oi 
mechanical  skill  as  it  is  sometimes  remarkably  conspicuous  in 
uneducated  minds.  A  servant  of  mine,  who  has  been  frequently, 
employed  in  attendance  during  my  lectures  in  mineralqgy,'  see- 
ing me  reject  the  old  instrument  as  unfit  for  the  uses  to  whicl^l 
wished  to  apply  it,  asked  me  the  reason  of  my  setting  it  aside. 
To  this  I  answered  that  the  short  space  of  time  in  which  it  con- 
tinued to  propel  the  flame  rendered  it  inconvenient;  and  that  I 
would  rather  use  the  common  mouth  blowpipe  than  be  liable  fo 
such  frequent  interruption  from  the  necessity  of  supplying  it 
every  five  minutes  witli  fresh  air.  This  caused  him  to  mspec^; 
the  mside  of  the  instrument ;  vfYiexL  he  simply  observed,  V  2^  i* 
very  awkwardly  contrived;  I  could  make  a  better  myself  I  ".  and 
in  good  earnest,  without  furdier  communication  with  me  upoa 
the  subject,  he  fell  to  work,  and  produced  the  new  improvedl 
appaiatus,  which  it  is  my  present  purpose  to  describe,  and  td. 
make  as  generally  known  as  possible.  The  inventor's  name' is' 
Johnson  Tofts,  Upon  the  principle  which  he  has  adopted,  for 
the  improvement  of  his  blowpipe,  such  instruments  are  now 
manufactured  in  London.  By  means  of  one  of  these  instru- 
ments, gold  might  be  exhibited  in  a  state  of  continual  fusioa. 
for  almost  any  length  of  time. 

A  trial  has  been  made  of  the  use  and  powers  of  this -improved 
blowpipe  throughout  an  entire  course  of  public  lectures  in  mine- 
ralogy oefore  tpe  University,  with,  such  success,  as  to  produQe 
sufficient  proof  of  its  convenience  and  efficacy.  The  eiSTecta 
witnessed  wheja  oxygen  gas  was  employed  exceeded  thqse 
usually  produced  by  the  same  agent  fropi  a.gasometer;  owing^tO: 
the  condensed  state  in  which  the  gas  was  propelled ;  while  the 
cone  qf  flame  was  mvich  more  manageable,  rlatinum  wire  of 
some  thickness  was  fused ;  platinum  foil  offered  no  resistance 
whatever.  The  steel  mainspring  of  a  watch  underwent  brilliant 
combustion;  and  even  when  me  instrument  is  charged  with 
common  atmospheric  air,  thin  cuttings  oi  platinum  foil  sustain 
an  instantaneous  fusion. 

Had  we  possessed  this  apparatus  before  the  gas  blowpipe  was 
invented^  many  of  the  results  obtained  b>{  d\%l^ci1w^\t^\a^^s^ic- 
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ment  woul<l  hare  been  antidpated.     It  is  not  to  be  expects 
however,  that  the  fusing  powers  of  the  two  blowpipes  can  i 
compared  together ;  but  from  the  safety  of  Toft's  blowpipe, 
child  may  use  it ;  whereas  the  other  would  be  indeed  a  danger 
OU8  toy. 

In  the  old  apparatus,  when  the  iflstni- 
meot  is  chargea,  the  space  E  C  G  H  is 
occupied  by  air,  and  the  water  rises  to  the 
dotted  line  C  D.  When  it  has  been  kept 
in  action  until  the  water  has  its  surface 
at  the  dotted  line  A  B,  the  action  ceases, 
and  the  space  E  A  F  C  must  aJways  remain 
filled  with  common  air. 

In  the  improved  hydro-pneumatic  appa- 
ratus, which  1  have  called  T»fV3  blowpipe, 
wlien  the  instniment  has  been 
charged  for  use,  P  P  is  filled 
with  air,  and  the  water  remains 
entirely  above  it  in  the  vessel 
Q,  whence  itwill  descend  throu  gh 
the  cylinder  O  E  so  long  as  a.ny 
air  shall  remain  in  the  reservoir 
P  P,  and  the  water  will  entirely 
fill  this  reservoir ;  so  that  what- 
ever air  it  may  be  desirable  next 
to  introduce  will  again  displace 

the  water,  and  drive  it  up  to  Q  withont  admixture  of  coi 
air. 

All  gases  are  introduced  by  means  of  a  bladder  and  a  condeni 
ing  syringe,  which  screws  on  to  the  stop'cock  F.  And  it  W 
been  found  better  to  introduce  atmospheric  air  with  a  Byriiw 
than  to  fill  the  rfeservoir  with  air  from  the  lungs  ;  also  to  supm 
tlie  machine  with  water,  or  to  remove  it  by  means  of  a  commd 
siphon. 

The  instrument  is  so  simple  tliat  a  more  minute  description  of: 
is  unnecessary.  Upon  these  principles  it  is  manufactured  and  serf 
by  Mr.  Newman,  maker  of  philosophical  apparatus,  in  liwft 
street,  Leicester-square.  The  usual  size  of  one  of  these  blotf 
pipes  is  two  feet  high,  two  feet  long,  and  five  inches  widS 
They  are  made  either  of  copper  or  tin,  and  enclosed  in  a  woodd 
case,  which  serves  as  a  table,  and  a  rest  for  the  arms  ;  the  waS 
taper,  being  sunk  into  a  cylinder  at  X,  is  elevated  or  depressed 
by  means  of  a  screw  and  a  rack.  But  a  stationary  spint-lamd 
if  it  should  be  preferred,  maybe  fixed  in  the  same  place.  " 

I  remain,  Sir,  yours,  &c. 

Edward  Daniel  Clarke. 
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Article  VI. 

On  Oil  and  Coal  Gas. 
(To  the  Editor  of  the  Ammls  of  Philosophy.) 

DEAR  SIR,  SkeffiOdj  Ma^  IS,  1821. 

I  HOPE  you  win  indulge  me  with  the  insertion  of  a  short  rc^y 
to  Mr.  Ricardo's  paper  on  Oil  and  Coal  Gas^  which  appearea  in 
your  last  Number*  I  would  not  have  troubled  you  with  a  second 
paper  on  this  subject,  had  I  not  thought  it  a  duty  imposed  npoo: 
me  to  Correct  the  erroneous  statement  which  Mr.  R.  made  in  the 
postBciript  to  his  last  paper  respecting  the  price  of  coal  gas  m 
Shefleld. 

If  I  had  allowed  his  remarks  to  have  passed  unnoticed,  be  an^ 
your  readers  would  be  justified  in  drawmg  the  conclusion,  thaft 
my  first  paper  was  incorrect,  and  that  the  consumers  of  gas  in 
Sheffield  were  imposed  upon  by  the  (Jas  light  Company,  by 
]^aying  a  much  higher  pric^e  for  gas  than  what  the  Compaqf 
professed  to  charge  them* 

Mr.  R.'s.  first  paper  has  been  so  completely  ailawered,  respedU 
ing  the  cdmpatative  iUtioilnating  power  or  the  two  gases  in 
c^uestion,  by  mr.  Lowe,  of  Derby,  in  the  Philoaophicri  Magn- 
2:ine  for  the  last  month,  that  any  further  renutfks  on  that  ImwI 
are  rendered  unnecessary. 

.  Mr.  tl.' still  persists  in  his  assertioh  that  the  London  Chartered 
Company  possess  advants^es  superior  to  any  other,  although 
lixey  only  divide  8  percent,  and  yet  other  Companies  have  divided* 
10  pet*  cent.  The  Sheffield  Gas  Works  are  generally  allowed  to 
b€  as  well  built,  and  as  completely  and  conveniently  fitted  up,  naf 
those  of  any  other  place ;  therefore,  we  may  fairly  presume  thi^ 
the  capital  employed  in  the  buildings.  Sec.  will  be  nearly  upon  n 
par  with  that  of  the  Chartered  Con^any,  in  proportion  to  the 
size  of  the  works  and  the  quantity  of  gas  required.  To  what 
then  must  the  advantages  be  attributed  in  those  places  (for  every 
one,  except  Mr.  R.  I  think,  will  allow  that  they  have  real  advan- 
tages) where  the  Companies  make  greater  proJitSy  and  sell  their 
fas  cheaper  than  at  the  Chartered  Company's  Works  !  It  most 
e  either  owing  to  superior  management,  and  the  economy  used 
hi  that  management,  or  to  the  cheapness  of  the  destructible 
articles  (retorts,  coal.  Sec.)  used  in  the  manu&cturing  of  gas. 
As  Mr.  R.  is  not  willing  to  allow  that  the  cheapness  of  coal, 
labour,  &c.  is  of  much  benefit  to  a  gas  Ught  manufactory, 
though  I  entirely  differ  with  him  on  that  point,  it  must  be  in  the 
economical  management  that  some  provincial  towns  have  the 
advantage  over  the  Chartered  Company.    Perhaps  Mr.  R.  will 
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not  be  willing  to  allow  this  point.  However,  certain  it  is,  the 
several  Gas  Li^t  Companies  have  advantages  which  the  Cbmi 
tered  Company  has  not,  or  ibey  could  aot  vtake greater  Jividendi^ 
and  sell  their  gas /or  a  /ess  price.  I  admit  that  it  is  one  grtat 
advantage  to  a  Gas  Light  Company  to  have  the  greatest  namban 
of  lights  in  the  smallest  compass ;  but  I  have  been  informed  bjf 
an  able  and  experienced  engineer,  that  the  expense  of  the  : — " 

Eipes  in  Londou  is  as  great  upon  the  average,  for  the  same  i 
er  of  lights  upon  them,  as  in  most  of  the  large  country  totnu. 
In  calculating  the  price  of  gas  from  the  rate  cards  of  the  diSeh 
ent  towns,  Mr.  R.  assumes  that  all  burners  denominated  No.  3y 
Argand,  are  of  the  same  size,  and  consume  the  same  quandrt 
of  gae.  From  this  supposition  arises,  in  a  great  measure,  tkn 
erroneous  statement  in  his  last  paper  respecting  the  price  t/t 
gas  iu  Sheffield.  The  No.  1,  Argand,  used  in  Sheffield,  coife' 
sumes  three  cubic  feet  per  hour,  by  Mr.  Cleg's,  meter;  tin 
No.  2  consumes  4-^  cubic  feet  per  hour ;  and  the  No.  3  coDsumat 
six  cubic  feet  per  hour.  1  have  seen  a  No.  3,  Ai^and,  fronif 
Birmingham,  tried  by  the  sarae  meter  against  a  No,  2,  Argaadt 
such  a£  are  used  in  Sheffield,  and  the  ditJerence  iu  the  qnaatiH 
of  gas  consumed  by  the  two  burners  was  only  half  a  cubic  foof^ 
per  hour.  I  likewise,  by  the  same  meter,  have  seen  a  No.  3, 
Argand,  with  24  jets,  consume  seven  feet  per  hour.  Very  few 
No.  3,  Argand  burners,  are  used  in  Shemeld,  owiag  to  the 
No.  2  being  considered  nearly  equal  to  the  No.  3,  ia  other 

f laces.  The  average  time  of  lighting  through  the  year  cannot 
e  calculated  at  a  later  hour  than  six  o'clock,  as  that  is  the 
average  time  of  the  setting  of  the  sun;  and  we  may  frequently 
see  the  shops  lighted  up  in  winter  an  hour  before  the  time  of 
sunset.  Mr.  R.  only  calculates  3^  hours'  burning,  till  10  o'clock, 
which  is  certainly  half  an  hour  at  least  too  little.  The  Sheffi^d 
card  is  calculated  from  six  o'clock  upon  the  average ;  andw 
the  No.  3,  Argand,  consumes  six  feet  per  hour ;  in  3 1 3  eveninm 
till  eight  o'clock  it  will  consume  3756  cubic  feet  of  gas,  whiuL 
at  12s.  per  1000  feet  amounts  to  21.  6s.  O^d. :  the  charge  ia  the, 
rate  card  is  21.  5s.  per  annum,  and  yet  Mr.  R.  by  his  ingenionr 
mode  of  calculation,  says,  that  the  cost  price  of  gas  in  Sheffield' 
is  17s.  per  1000  feet,  fhe  charge  for  the  same  burner  till  nine 
o'clock  is  3/.  9s.  and  til!  10  o'clock,  4i.  13*.;  the  last  two| 
charges  are  rather  more  than  at  the  rate  of  \2s.  per  1000  feetj 
but  ff  the  rental  amount  to  20/,  a  discount  of  20  per  cent.  i*. 
allowed,  which  reduces  the  gas  to  less  than  10s,  per  1000  feet.' 
In  manufactories  where  the  meter  is  used,  the  regular  charge  is 
12s.  per  1000  feet,  with  a  discount  of  from  5  to  20  per  cent,  ia  , 
proportion  to  the  rental,  but  all  rentals  of  or  above  20/.  ara 
allowed  20  per  cent.  I  am  informed  that  the  annual  rentals  for 
gas  in  several  of  the  silver-plated  manufactories  are  60/.  and 
upwards.     Gas  is  found  to  be  so  much  superior  to  oil  for  solder- 
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^-fr  ttig  «itteMlated  gcxKk,  that  it  is  generally  vsed  for  that  purpose 
-^iHk  flwc  «Hver  manufactories  where  it  is  introduced. 
1*'    i  if  ope  this  explanation  will  convince  your  readers  that  my 
'first  statement  was  not  so  incorrect  as  Mr.  R.  wished  to  make  it 
'i^pear;  I  remain,  yours  respectfully, 

••    '  A  Subscriber. 


Article  VII. 


/Researches  on  the  Composition  of  th-e  Prussiates,  or  Jerruginous 

Hydrocyanates.     By  J.   Berzelius. 

(Continued  from  p.  306.) 

•       In  order  to  examine  whether,  in  these  experiments,    the 
:  remaining  bases  be  in  the  state  of  common  carbonate,  I  heated  a 
inixtiirex>f  carbonate  of  potash  with  six  times  its  weight  of  oxide 
'  ^f  copper  in  a  proper  apparatus  for  receiving  the  ^as  that  might 
. '  be'disengaged.     As  soon  as  the  mixture  had  acquired  a  red  heat, 
""Carbonic  acid  gas  began  to  be  given  off,  and  continued  for  more 
'than  half  an  hour.     Thus  the  oxide  of  copper  has  the  property  of 
'    ^iLpelling  the  carbonic  acid  at  a  high  temperature,  and  of  forming 
^    «  kind  of  double  salt,  in  which  it  is  to  be  presumed  that  one-fourtn 
J  of  the  potash  is  combined  with  the  oxide  of  copper,  and  three- 
/.«  fourths  with  the  carbonic  acid.    This  ssdt  is  decomposed  in  the 
humid  way,  the  water  seizes  a  mixture  of  caustic  potash,  and 
.'. '  carbonate  of  potash,  and  the  oxide  of  copper  remains  undissolved. 
'    This  last  phenomenon  also  ensues  when  oxide  of  copper  is  dis- 
solved in  hydrate  of  potash  by  igneous  fusion.    The  compound, 
which  in  the  liquid  state  is  transparent,  and  of  a  yellow  colour, 
ii^  decomposed  by  water,  which  takes  the  potash,  without,  at  the 
same  time,  dissolving  the  oxide  of  copper,  with  which  it  was 
icombined. 

It  was  necessary,  therefore,  in  order  to  obtain  a  more  decisive 
result,  to  analyze  a  ferruginous  prussiate  whose  base  is  incapable 
-of  retaining  the  carbonic  acid,  and  I  chose  for  this  purpose  that 
"of  lead. 

12*35  grains  of  prussiate  of  lead  were  mixed  with  308*8  grains 
of  oxide'  of  copper  obtained  by  calcining  copper  in  a  cupel- 
ling'furnace.  The  gas  was  collected  over  mercury  in  a 
graduated  receiver,  in  which  it  could  be  accurately  measured. 
To  determine  with  the  greatest  possible  accuracy  tlie  relative 
voludtie  of  carbonic  acid  gas  to  that  of  the  azote,  a  portion  of  tl^e 
gas  collected  towards  the  end  of  the  operation,  and  consequently 
free  from  atmospheric  air,  was  examined  separately :  136  mea- 
^ew  Series^  vol.  i.  2  e 
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^S^^^fiwd  in  contact  with  ca.u^tic  potasb  were  reduced  to  45*4  1 
measures;  but  45-4  x  3  =  136'2;  which  gives,  as  exactly 
cap  be  expected  in  ei^perimeuts  of  this  nature,  two  volumes 
carboaic  acid  gas  for  one  of  azote.  Thus  this  experiment  proseM 
that  the  carbon  and  the  azote,  in  these  salts,  are  in  the  Baa" 
proportions  as  in  cyanogen,  No  water  was  formed,  except 
stignt  and  unimportant  trace  of  moisture.*  The  whole  quantity 
of  gas  obtained  consisted  of  102  volumes  of  carbonic  acid  and  5m, 
of  azote  ;  the  former  weighed  3'1  grains,  and  the  azote  O'tlSgri^ 
which  give  for  100  parts  of  salt,  li-U5  of  carbon,  and  12-84  t^ 
azote  ;  or  together,  23'89  of  cyanogen.  This  quantity,  add^ 
to  the  other  element  of  the  salt  employed,  exceeds  its  weight  )'~^^ 
G-19,  if  the  base&  exist  in  it  in  the  state  of  oxide^  but  if  tl 
prussiate  be  composed  of  one  atom  of  cyauuret  of  iron  with  t\ 
atoms  of  cyanuret  of  lead,  the  sura  of  the  cyanogen,  iron,  ai 
lead,  obtained,  gives  almost  exactly  its  weight. 

It  appeared  to  me  very  easy  to  verify  this  idea  by  acting  i. . 
the  ferruginous  prussiate  of  lead  by  sulphuretted  hydrogen  gasj 
18"84  graius  of  the  anhydrous  salt  were  introduced  into  a  am  " 
weighed  glass  ball,  blown  by  the  lamp.  I  caused  a  current; 
sulphuretted  hydrogen  gas  to  pass  throuob  the  ball,  wbidi,  *  ..^^ 
quitting  it,  traversed  a  tube  filled  with  muriate  of  lime.  Wixtg 
cold,  tbe  prussiate  of  lead  was  not  altered  by  the  gas,  but  op 
heating  the  ball  by  a  spirit-tamp,  it  was  immediately  blackened, 
and  hydrocyanic  acid  evaporated  with  the  sulphuretted  hydn^m 
that  passed  off  in  excess.  No  trace  of  moisture  was  perceivi  ' 
during  the  operation,  not  even  when  the  mass  in  the  ball  wi 
red-hot  in  the  sulphuretted  hydrogen  gas.  The  remaining  ma 
weighed  1706  grs,  and  was  composed  of  sulphuretofiron,  attiie 
minimum,  and  sulphuret  of  lead.  The  tube  containing  th^ 
muriate  of  lime  had  only  gained  0-0077  of  a  grain  in  weight,  s 
part  of  which  was  sulphur.  Thus  this  experiment  proves  that  io^ 
the  anhydrous  ferruginous  prussiate  of  lead  the  metals  are  notin 
the  state  of  oxide ;  for  even  if  we  suppose  in  this  experiment  thftf 
no  water  is  obtained,  in  consequence  of  the  sulphur  seizing  Ou 
oxygen  of  the  metalhc  oxides,  the  sulphuric  acid,  so  producei' 
ought  to  have  combined  with  a  part  of  the  oxides,  and  have  occi 
aioned  a  much  more  considerable  increase  of  weight  than  wi 
obtained  in  the  experiment ;  on  the  other  hand,  if  the  salt  1 
really  composed  of  one  atom  of  cyanuret  of  iron  with  two  atonw 
of  cyanuret  of  lead,  its  decomposition  by  sulphuretted  hydrogi 
should  give  for  18'84  grains  of  metallic  cy^maret,  17  grains 
sulphuret ;  which  agrees,  as  nearly  as  possible,  with  the  reas 
of  the  experiment.     The  composition  then  will  be 


'  The  original  bus  been  shortened, — Edit. 
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AcoQrding  to  experiment*  Acocndmg  to  calcnlatian.** 

Iron 8-81  8-68     678-43 

JLead .^ 66-91  66-18     6178-10O 

Carbon 11-06 ll-66\  lofw.^o 

Aaote. 12-84  13-69/ Jyo/o^ 

98-61  100-00  7823-95 

Thus  die  result  of  analysis  approaches  that  by  calculation  as 
»ear  as  can  be  expected  in  an  operation  of  so  complicated  a 
nature. 

if  we  apply  this  to  the  salt  with  base  of  potash,  we  ^et  the 
following  result :  the  relation  of  the  volume  of  the  carbonic  acid 

\,  found  by  experiment,  was  to  that  of  the  azote  as  3  :  2,  and 

le  weight  of  the  carbonic  acid  gas  obtained  from  7*72  grs.  of 
"Salt  was  4*13  grs. :  if  we  add  one-third  the  qtiantitV  necessary 
to  make  the  volume  of  carbonic  acid  twice  that  of  tlie  azote,  the 
weight  of  the  carbonic  acid  will  be  rather  more  than  6*6  grains, 
or  11  for  100  grains  of  the  salt ;  but  if  the  ferruginous  prussiate 
of  potash  be  composed  of  one  atom  of  cyanuret  of  iron  and  two 
atoms  of  cyanuret  of  potassium,  lOfr^rs.  will  ^ve  H- 10  grs.  of 
carbonic  acid  gas,  a  difference  within  the  limits  ofiinaiccurate 
observation. 

The  composition  of  this  prussiate,  in  die  state  of -cfystals^  cal- 
culated after  the  formula,  §Fe  Cy*  +  2  KCy*  +  6  Aq,  gives 
per  cent. 

Iron 12*86  «s  protoxide  of  iron,  16*64 

Potassium 37-11  =  potash 44-68 

Cyanogen 37*22 

Water 12-82 

I  think  it  useless  to  eive  the  fesult  of  the'  cakuiatioii  of  the 
two  other  salts  analysed.  Th^-accoid  with  the  following  for- 
mulae :  Fe  Cy«  +  2  BaCy«  +  12  Aq ;  ^d  Fe  Cy«  +  2  Ca  Cy* 
+  24  Aq.  But  we  must  remember  that,  although  in  m  estate  of 
efflorescence,  these  two  salts  retain  an  atom  of  water,  for  some 
reason  not  very  easily  explained. 

These  experiments  prove  diat  the  salts  called  prussiates,  or 
ferruginous  nydrocyanates,  are  in  fact  cyanurets,  composed  of 
one  atom  of  cyanuret  of  iron  and  two  atoms  of  cyanuret  of  the 
other  metal. 

What  is  the  nature  of  these  compounds  when  they  contain 
water?  It  is  more  difficult  to  answer  this  question  than  at  first 
it  seems  to  be.  In  the  ferruginous  pmssiates  of  potash  and 
lead,  there  is  exactly  the  quantity  of  water  necessary  to  trans- 
finrm  them  into  hydrocya^ates,  whence  they  may  be  considered 

*  According  to  the  formuk,  Fe  (V  +  8  Fb  (V. 
§  I  lue  the  a^  Cyfbr  cyanogen  nnteaddLK  (>)  to  %^ 

2B.2 
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2daoW?liydrocyanates.  But  are  their  elemeiite  really  com- 
bined in  tills  manner,  or  may  they  be  regarded  also  as  cyanoreis 
with  water  of  crystallization  ^ 

In  compound  substances,  whose  elements  may  be  coDceiwed 
to  be  united  in  several  ways,  is  it  indiffci-ent  m  what  mantrerw* 
imagine  the  union  to  take  place?  Are  the  products  of  their 
decomposition  determined  solely  by  the  decomposing  powerl 
A  multitude  of  circumstances  concur  in  favour  of  this  idea.  Brit 
if  it  were  correct,  a  compound  body,  whose  elements  are  cep^Uft 
of  combining  at  high  temperatures,  in  such  a  manner  as  toafibcd 
other  compounds,  endued  with  a  certain  tension,  at  the  comiBMI 
atmospheric  teaiperature  and  pressurew,  I  say  this  substance  i 
must  continually  decompose  in  the  air,  till  the  tension  of  its 
elements  is  balanced ;  and  in  a  vacuum  it  cannot  exist  at-  aS. 
It  appears  to  us  that  nitr^ite  of  ammonia  would  decomposeaB' 
this  Way  in  a  vacuum,  if  it  were  a  matter  of  indifierence  whether 
we  consider  it  as  composed  of  an  atom  of  ammonia,  an  atooirf 
nitric  acid,  and  an  atom  of  water,  or  of  an  atom  of  protoxide  of 
azote  and  two  atoms  of  water,  since,  in  a  vacuum,  there  mho 
obstacle  to  prevent  these  bodies  obeying  the  influence  of  tiieir 
tension,  as  well  as  the  preponderating  affinities,  any  more  Hata 
at  a  high  temperature,  when  those  two  substances  are  actually 
formed.  It  is  probable,  therefore,  that  the  elements  of  nitrate 
of  ammonia  are  combined  rather  as  nitric  acid,  ammonia,  and 
water,  than  as  protoxide  of  azote  and  water.  In  like  mannef, 
when  a  salt  effloresces  at  the  common  temperature  of  the  ^mo- 
Bphere,  we  consider  the  water  as  existing  as  such  iu  the  salt, 
hut  retained  by  so  weak  an  affinity,  that  it  is  overcome  by  its 
tension. 

Fulminating  gold  and  silver  explode  by  very  slight  elevation 
of  temperature,  and  water  results  ;  but  these  substances  are 
permanent  in  a  vacuum.  The  liydrogeu  and  oxygen  which  th^ 
retain  with  so  weak  an  affinity  were  not,  therefore,  iu  the  stsis; 
of  water,  but  combined  in  another  manner,  and  it  is  only  in  tM 
act  of  explosion  that  water  is  formed.  Butifin  theaesubstanee^ 
whose  composition  depends  on  so  weak  an  afHnity,  waterbeiM^ 
produced,  when  the  effect  of  its  tension  is  facilitated  by  t 
vacuum,  we  may  presume  that  all  bodies  which  exhale  aqneonf 
vapours  in  a  vacuum  must  contain  water  ready  formed,  and  that 
they  retain  it  by  a  very  weak  affinity. 

I  put  crystals  of  ferruginous  prnssiate  of  potash  into  avacuuni 
with  sulphuric  acid;  at  the  temperature  of  35'4''  Fahr.  they  lost 
all  their  water  of  combination  :  a  small  piece  of  a  crystal  mtre* 
duced  into  the  vacuum  of  a  barometer  made  it  fall  U'OOd  in.  kt 
the  temperature  of  59°  Fahr.  I  do  not  give  this,  however,  as  a 
veiy  accurate  result,  from  the  extreme  difficulty  of  making  > 
'solid  body  rise  through  the  mercury,  perfectly  free  from  air 
adhering  mechanically  to  its  surface.  The  experiment  proves^ 
t.^ .L_>  .L_  ^atei  ot  c,rsRt:jKviaJCvott\n.m*waiL'^  ■"■  '''"^ 


1 8S1L]  the  C9mjmiU(m  ^  Prtunates.  437, 

witl^.ai3€Ftain  teosion/ which  varies  with  the  temperature.  I( 
ajqp^arsy  thereforei  that  the.  sail  in  question  contains  water  readj 
formed,  and  not  hydrocyanic  acid,  and  oxidated  bases  ;  for  it  19 
uotr  very  likely  that  the  base  and  the  acid  should  be  decomposed 
and  repomposed,  in  proportion  as  the  tension  of  the  water  varies, 
acGCMfding  to  the  temperature  and  the  quantity  of  aqueous  vaj^our 
in  the  surrounding  atmosphere.  In  this  case,  we  must  consider 
the  crystallized  ferruginous  prussiate  of  potash,  as  a  double 
cyimuret  of  iron  and  potassium,  combined  with  water  of  crystal* 
lisation,  after  the  manner  of  salts^  all  the  external  characters  of 
which  it  possesses  even  in  its  efflorescent  state. 

III.  On  the  Hydroci/anate  of  Iron  and  Ammonia, 

In  order  to  learn  the  nature  of  the  ferruginous  hydrocyanates 
with  more  certainty,  I  also  examined  the  composition  of  the 
ammoniacal  one.     It  appeared  to  me  at  first  probable  that  it 
might  throw  light  upon  the  true  nature  of  ammonia.    If,  for 
example,  this  salt  were  reducible  to  cyanuret  of  iron  and  the 
metollic  substance  which   amalgamates   with   mercury,   when; 
ammonia  ia^  deccNsiposed  by  the  electric  pile,  and  if  it  were  pos- 
«ifale  to  obtsun  this  salt  free  from  water,  or,  what  is  the  same> 
:mthout  oxygen,  it  is  evident  that,  in  this  case,  it  would  be  a 
double  cyanuret,  and  it  would  be  easy  to  d(itermine  whether  the 
metallic  radical  of  ammonia  is  composed  of  an  atom  of^  azote 
and  of  six  atoms  of  hydrogen,  as  appears  to  result  from  the 
experiments  of  MM.  Thenard  and  Gay-Lussac,  or  whether  it 
consists  of  an  atom  of  nitricum  and  six  atoms  of  hydrogen, 
according  to  the  conjecture  which  I  have  hazarded.     In  the 
first  case,  this  salt  would  appear  to  be  composed  of  cyanuret  of 
iron  and  hydrocyanate  of  ammonia  ;  and  the  hydrogen  assigned 
to  the  hydrocyanic  acid  would  in  fact  be  the  additional  atom  of 
hydrogen  required  to  metallize  the  ammonia.     In  the  second 
case,  on  the  contrary,  there  would  be  no  other  hydrogen  than 
that  which  is  ^  constituent  part  of  the  ammonia.     But  there  is 
etiU  a  third  case  :  it  is  that  this  combination  might  consist  of 
hydrocyanate  of  protoxide  of  iron  and  hydrocyanate  of  ammonia, 
and  which  would  not  part  with  the  oj^gen  and  hydrogen  neces- 
sary to  the  existence  of  the  hydrocyanate,  without  benig  at  the- 
same  time  totally  decomposed ;  aod  unfortunately  this  is  tbe- 
actual  state  of  the  case. 

The  experiments  necessary  to  determine  which  of  these  cases 
.  happens,  are  neither  difficult,  nor  subject  to  give  ambiguous 
results.  The  hydrocyanate  must  contain  four  atoms  of  ammonia 
and  one  atom  of  iron :  since  the  oxygen  presupposed  in  this 
alkali  must  be  double  that  which  iron  absorbs  in  becomings 
protoxide.  Consequently,  in  the  first  case,  the  salt  decomposed 
by  heat  ought  to  leave  27'53  per  cent,  of  its  weight  of  red  oxide- 
of  iron;  in  the  second,  31*18;  and  on  the  third,  26'9.  The 
greatest  difficulty  in  this  experiment  was  that  of  ohtainiw^  tk% 
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anmoniaoal  salt  {luiey  because  the^pruMiaa  .falue  oi  comoiemf^. 
affords  it  much  mixed  with  other  substanceS)  and  during  eva{iGH  . 
ration  witli  them,  it    constantly  decomposes.      1,.  therefim^: 

xepared  some  cyauuret  of  iron  and  lead,  which  I  decomposed. 

ly  caustic  ammonia.  The  solution  was  evaporated  in  ▼aoiu^. 
and  having  powdered  the  salt,  I  again  dried  it  in  vacuo  to  separale 
all  the  water  mechanically  mixed  with  it. 

In  order  to  determine  whether  this  salt  contains  any-  water,  X 
heated  it  in  a  small  retort  made  with  the  lamp^  and  received  .the . 
products  of  the  distillation  in  a  long  tube,  that  by  the  difference 
of  their  volatility  they  might  be  deposited  at  different  distances 
from  the  heated  part.  Ihe  first  effect  produced  by  the  heat  is 
that  of  rendering  the  salt  green  at  the  bottom  of  the  retcni:,  and 
the  smell  of  hydrocyanate  of  ammonia  is  perceived  at  the  open 
end  of  the  tube.  The  greenish  colour  was  soon  succeeded  by  a. 
greyish»yellow»  considerably  resembling  that  of  the  pulverized 
salt  before  it  is  heated.  The  yellowish  stratum  increased  in 
thickness,  and  at  the  same  time  a  very  minute  greenish  stratum 
which  separated  it  &om  the  unchanged  salt  gradually  rose 
towards  the  surface,  where  it  at  last  disappeared,  kaving  the 
salt  completely  converted  into  a  yellowish-grey  mass.  During 
this  decomposition,  water  continued  forming  and  depositing  in 
small  drops  in  those  parts  of  the  tube  which  were  near  the* 
retort.  A  great  (quantity  of  hydrocyanate  of  ammonia  was  ^ 
the  same  time  disengaged,  and  when  the  salt  had  driven  the. 
atmospheric  air  out  of  the  apparatus,  it  began  to  crystallize  at 
some  distance  from  the  water,  so  that  the  interior  of  the  tube 
was  entirely  lined  with  its  crystals.  The  centre,  which  was  at. 
first  Umpid,  became  gradually  yellowish,  and  afterwards  brown-^ 
ish  nearer  the  crystallized  ammoniacal  salt ;  this  arose  fix)m.  the 
spontaneous  decomposition  which  hydrocyanate  of  ammonia 
suffers.  This  salt  did  not  contain  any  water  chemically  combined;, 
for  it  was  crystallized  in  the  form  of  little  rectangular  tables  and 
prisms^  which  are  the  usual  forms  of  this  salt  when  it  is 
prepared  w  iih  ammoniacal  gas  and  hydrocyanic  acid  free  from 
water.  The  yellowish  mass  contained  in  the  retort  was  cyanuret 
of  iron,  the  lower  part  of  which  had  begun  to  decompose  before 
the  upper  part  was  entirely  deprived  of  water  and  hydrocyanate. 
of  ammonia.  By  continuing  the  heat,  the  cyanuret  of  iron 
became  of  a  deeper  colour  ;  first,  brown ;  and  at  last,  black,  and 
disengaged  azotic  gas. 

In  order  to  satisfy  myself  that  the  decomposition  was  com* 
plete,  I  placed  the  small  retort  in  a  charcoal  lire  to  make  it  red- 
hot,  when,  to  my  great  surprise,  the  coaly  mass  burned  vividly> 
as  if  oxygen  gas  had  been  present  in  the  retort.  A  small  quan- 
tity of  undecomposed  cyanuret  of  iron  disengaged  azotic  gas 
with  so  much  rapidity,  that  a  part  of  the  mass  was  thrown  into 
the  neck  of  the  retort.  When  the  retort  was  cold,  it  was  found 
tQ  contain  a  black  puWeruVeivt  m^^ait^^  :we\%hin^  25*26  per  cent* 
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ot  rthe  hydroeyanate^  employed^    This  sobstance,  when  Iveated : 
im  the  fliune  of  a  lamp,  took  fire,  and  continued  to  barn  lik^* 
anadoUy  but  without  either  smoke  or  smell,  and  it  lefV^  residue 
oftoxide  of  iron,  the  weight  of  which  was  precisely  equal  to  that 
o£.the  mass  before  combustion. 

Ill  another  experiment^  I  heated  the  hydrocyanate  by  a  spirit 
lamp,  taking  care  not  to  heat  it  enough  to  occasion  the  deflagra* 
tion  which  occurred  in  the  former  case  ;  but  the  heat  was  con- 
tinued as  long  as  the  disengagement  of  gas  was  perceptible^  and 
the  products  of  the  distillation  were  passed   through  a  tube 
containing    muriate    of  Ume,    and    the   gases  receiv^ed    orer 
mercury »    The  coaly  residuum  weighed  26*3,  and  gave  by  com*N 
bufition  in  an  open  vessel  exactly  26*3  of  red  oxide  of  iron.     Iti- 
bucoed  as  before,  but  without  the  deflagration  abovementioned*> 
oocorring  at  the  temperature  required  to  inflame  it.   The  muriate  < 
of  lime  gained  9*7  per  cent,  of  the  weight  of  hydrocyanate.  When 
heated,  it  gave  out  at  first  much  hydrocyanate  of  ammonia,- 
afterwards  ammoniacal  gas,  and  lastly  water  much  impregnated  • 
with  ammoma.  In  this  experiment,  the  quantity  of  water  could  not 
be  determined,  but  it  proves  nevertheless  that  die  salt  cannot  con«»^ 
tain  more  water  than  is  requisite  to  convertthecyanuretof  ironinta< 
hydrocyanate:  for  otherwise  the  muriate  of  lime. ought  to  have 
gained  much  more.     The  gases  produced  contained  no  trace  of. 
carbonic  acid.     1  introduced  some  lime-water  which  absorbed  a.- 
great  quantity  without  becoming  turbid.     The  liquid  contained* 
much  hydrocyanate  of  ammonia,  and  the  unabsorbed  gas  was 
azote.     The  explanation  of  these  phenomena  is  very  simple  :  the> 
hydrocyanate  of  iron  and  ammonia  is  decomposed  by  heat,  and 

fives  hydrocyanate  of  ammonia,  cyanuret  of  iron,  and  water*, 
he   green   colour  which    appears   during  the   decomposition 
appears  to  be  owing  to  the  formation  of  a  small  quantity  of* 
Prussian  blue,  which  always  begins  the  decomposition  of  thi»  • 
salt,  even  when  in  solution.     When  the  heat  is  increased,  the 
cyanuret  of  iron  is  decomposed,  azote  is  disengaged,  and  the 
carbon  remains  combined  with  the  iron.     As  cyanuret  of  iron 
contains  four  atoms  of  carbon  to.  one  of  iron,  the  same  proper* 
tions  ought  to  be  found  in  the  carburet  which  results  from  its 
decomposition.    Then  in  comparing  the  weight  of  four  atoms  of  ^ 
carbon  with  that  of  three  atoms  of  oxygen,  the  first  is  found  to 
be  301*66,  and  the  last  300;  so  that  when  the  quadricarburet  of 
iron  is  converted  into  red  oxide  of  the  metal,  its  weight  should 
not  alter  more  than  1-lOOOth,  which  is  too  small  to  be  ascertained 
in  experiments  made  upon  so  minute  a  scale  as  mine.   As  to  the* 
deflagration,  I  shall  hereafter  have  occasion  to  mention  it. 

I  tried  several,  times  to.  expose  the  hydrocyanate  of  iron  and 
ammonia  to  temperatures  very  gradually  raised  in  order  to  see 
whether  it  would  not  be  possible  to  separate  the  water,  and 
preserve  the  hydrocyanate ;  that  is  to  say,  to  reduce  this,  salt  to*. 
the.coiBpoaitioa*  sopposed  in-  the  first  case;  but  I   have  not 
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i4ucceeded.  The  water  and  the  hydrocyan&te  are  alwavB  diseiHi 
ga^ed  together,  and  the  salt  becomes  green.  Even  vvfaen  a£t£St$ 
being  higlily  dried,  it  gave  a  reaidiiuiD  by  combuBtion  of  28-5  peiv 
cent,  of  oxide  of  iron,  it  still  yielded  water  by  distillation ;  sOs| 
that  in  diying  it,  1  only  commenced  its  decomposition,  which  iscn 
facilitated  by  the  great  tension  of  hydrocyaaate  of  ammonia,  andit 
by  the  tendency  of  the  hydrocyanate  of  iron  to  form  pruesiaoiji 
blue. 

IV.   Prussian  Blue. 

I  prepared  this  substance  by  dropping  a  solution  of  cyanurefi^ 
of  potassium  and  iron  into  one  of  muriate  of  iron,  to  which  I  iai^ 
previously  added  excess  sf  acid .  1  washed  the  precipitate  tb<M 
roughly  and  dried  it,  Prussian  blue  retains  hygrometric  moisturst^ 
HO  strongly,  that  sulphuric  acid  in  vacuo  does  not  detach  it;  andu) 
I  have  no  doubt  but  that  this  salt  when  dried  would  possess  thci( 
property  of  causing  water  to  freeze  in  vacuo  quite  as  well  W^ 
sulphuric  acid  and  some  other  substances. 

1  put  some  Prussian  blue  into  a  cyhndrical  glass  which-i_ 
placed  in  a  small  sand-bath.  1  placed  the  bulb  of  th«  thermOhu 
meter  in  the  middle  ofthepvussian  blue,  and  heated  the  sandbath^ 
gradually  until  the  thermometer  rose  to  307°  Fahr.  The  pnissiaiUl 
blue  did  not  appear  at  all  changed,  and  gave  out  no  odour  either 
of  hydrocyanic  acid,  or  hydrocyanate  of  ammonia.  I  afterward^ 
placed  the  sand-bath  thus  heated  in  vacuo,  with  sulphuric  aoid^ 
and  suffered  it  to  cool.  A  portion  of  prussiau  blue  thus  driest 
was  weighed  as  quickly  as  possible,  and  then  hghted  at  th< 
edge.  It  continued  to  bum  by  itself  like  amadou,  giving,  e 
vapour  which  condensed  upon  a  funnel  inverted  over  it:  it  waa-] 
carbonate  of  ammonia.  One  hmidred  parts  of  prussian  blue  lef^i 
a  residuum  of  60')4  parts  of  red  oxide  of  iron,  containing  n«M 
potash. 

It  is  well  known  that  when  a  solution  of  protoxide  of  ii 
precipitated  bv  prussiate  of  iron  and  potash,  a  white  iiisoIahlft{ 
compound  is  formed  which  contains  potash,  and  which  hf) 
absorbing  oxygen  becomes  blue.  It  is  also  well  known  that  (^ 
salt  with  base  of  protoxide,  which  absorbs  oxygen  without  tJiera 
being  at  the  same  time  an  increase  of  acid,  combines  with  aa 
excess  of  base.  Prussian  blue,  therefore,  which  is  prepared  Iw 
oxidation  of  the  white  precipitate,  cannot  be  a  neutral  compountk 

I  added  a  solution  of  neutral  muriate  of  deutoxide  of  iro 
to  a  solution  of  cyanuret  of  iron  and  potassium,  and  1  lef|| 
the  mixture  exposed  to  the  air  untd  it  became  blue.  The  liquii^ 
which  still  contained  undecomposel  -yanuret,  remained  neutralgi 
this  circumstance  proves  that  no  p  ^Lash  was  set  free,  and  conse^ 
quently  that  the  blue  compound  did  not  contain  a  quantity  at 
acid  proportional  to  the  capacity  of  the  base  which  had  oeenn 
increased  by  oxidation. 

Pruaaia.a  blue  thus  piei^ed.  Viaa  ^ lo'^iUea  wluoh.  it  do«B  uiit; 
V 
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posBem  when  differently  prepared^  and  which  may  become  of' 
some  utifilbcr  in  the  atts.    It  is  soluble  in  pure  water^  but  not  in' 
wUer  which  contains  a  certain  quantity,  of  any  neutral  salt.    It 
iff  on.  this  account  that  it  does  not  dissolve  when  it  ip  wasfaedi 
and  "^teii  the  greater  part  of  the  saline  matter  is  separated  froia-' 
it;  '  A  clear  blue  solution  then  passes  through  the  filiber;  but*  it: 
again  fn^i^itiates  prussian  blue,  if  it  fkDs  into  the  liquid  which 
had  previously  passed  tnrough. 

I  made  use  of  a  solution  of  sal  ammoniac  to  separate  it  from 
other  salts.     I  washed  it  with  a  small  quantity  of  water^  until  it 
began  to  be  coloured  ;  and  T  afterwards  dried  the  precipitate  byi 
pressure  between  paper.    The  blue  solution  is  precipitated  by . 
the  addition  of  muriatic  acid,  but  the  precipitate  does  not  lose  -^ 
its  i»olubi3ity  in  pure  water.    The  blue  solution  is  not  rendered-, 
turbid  by  alcohol.    This  solubility  of  prussian  blue  is  not  always  ' 
the*  «ame.    Sometimes  the  whole  of  the  precipitate  rendered.; 
bine  by  oxidation  in  the  air  is  soluble  ;  at  other  times;  more,  or  :' 
less  of  it  remains  insoluble.     Ebullition  produces  no  change  in 
its  solubility;    This  property  in  a  substance,  which  under  other  : 
circum&tances  is  so  insoluble,  appears  to  be  of  the  same  nature  .: 
as  the  «olttbility  of  the  oxides  of  tin  and  titonium,  and  also  of. 
8iliGd>  the  solnbility  of  which  is  evidently  different  in  its  nature  \, 
from  that  of  salts.     As  the  addition  of  excess  of  acid  does  not  . 
deprive  prussian  blue  of  its  solubility  in  pure  water,  it  is  evident  , 
that  this  property  does  not  depend  upon  an  excess  of  base.         .  j 

In  order  to  compare  these  phenomena  with  those  which  occur  • 
in  insoluble  salts  of  protoxide  of  iron,  I  examined  the  changes . 
produced  by  oxidation  in  some  of  the  latter.     A  great  number  . 
of  them  may  be  preserved  without  undergoing  alteration,  or  they 
become  yellow  by  the  formation  of  a  salt  with  peroxide  in  excess. 
But  there  are  two,  viz.  the  phosphate  and  the  arseniate  of  pro-   . 
toxide  of  iron  (the  acids  of  which  combine  with  bases,  according 
to  a  different  law  from  other  acids),  which,  by  absorbing  oxygen 
from  tlie  atmosphere,  change  their  white  colour  into  a  danker 
one^  and  form  salts  with  excess  of  base  differing  as  much  from 
salts   of  the  protoxide   as  of  the  deutoxide.    The  phosphate 
becomes  blue ;  it  is  even  found  in  nature  partly  blue  and  partly 
white  ;  but  in  this  latter  case,  it  becomes  blue  in  the  air  in  a  feW 
days.     The  arseniate,  on  the  contrary,  becomes  of  a  deep  green  , 
colour.    The  two  varieties  of  the  arseniate  appear  also  to  be 
found  in  nature.    The  neutral  salt  has  been  lately  found  in 
Saxony  :  it  is  called  scorodite ;  it  is  a  salt  which  contains  water, 
and  has  the  same  colour  as  protosulphate  of  iron  :  the  other  has 
been  long  known ;  it  is  the  cubic  arseniate  of  iron. 

There  is,  however,  an  essential  difference  between  these  salts 
and  prussian  blue.  They  do  not  form  double  salts  with  other 
bases ;  and  when  they  are  decomposed  by  caustic  potash,  they 
do  not  yield  hydrate  of  deutoxide  of  iron,  Uke  prussian  blue.  On 
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ib»  contrary,  the  potaah  combining  witii  their  acidai  lesves  a 
Bi:^taQce  as  black  as  oharcoal,  which  contaiBB  no  combined? 
-water,  and  which  suffers  much  less  change  during'  washing  thanv 
the  protoxide  :  it  is  this  compound  of  deutoxide  with,  protoxide- 
which  I  have  named  oxidumferroso^ferrieum;  and  it  is  to  be^ 
presumed  that  the  composition  of  these  salts  may  be  expressed  by . 

•  •  ••  ••  •• 

•  •   •••         •••   ••*  ••   •••        •••   ••• 

Fe  P«  +  2  Fe  P«  et  par  Fe  As«  +  Fe  As^ 

It  appeared  to  me  extremely  probable  that  prussian  blue  might 
be  a  completely  analogous  compound.  Its  formation  by  means 
of  double  decomposition  ought  then  to  destroy  the  neutrality  of 
the  two  salts  formed,  and  free  acid  ought  to  be  liberated. 

I  prepared  a  solution  of  neutral  muriate  of  deutoxide  of  iron^ 
aad  after  having  determined  by  a  correct  analysis  the  relation 
of  the  acid  to  the  oxide  of  iron,  in  order  to  satisfy  myself  of  its 
being  neutral,  I  added  it  drop  by  drop  to  a  solution  of  cyanuret 
of  iron  and  potassium,  which  did  not  change  the  colour  o£- 
toumsol.    When  the  greater  part  of  the  cyanuret  was  decom- 
posed, I  suffered  the  precipitate  to  remain.    The  clear  liquid  was  - 
found  to  be  as  neutral  as  at  first,  so  that  the  precipitate  was  as 
neutral  a  compound  as  the  substances  employed  to  prepare  iL  - 
I  continued  to  add  the  muriate  of  deutoxide  of  iron  until  it  wasi 
ii^  excess.   The  liquid  had  then  acquired  the  property  of  slightly 
reddening  the  tincture  of  turnsol,  as  must  happen  from  the  excess 
of  muriate  employed.    The  prussian  blue  produced  in  this  expe- 
riment can,  therefore,  only  be  a  double  hydrocyanate  in  which' 
the  oxygen  of  the  deutoxide  is  double  that  of  the  protoxide. 

I  afterwards  analyzed  some  prussian  blue  thus  prepared,  by 
digesting  it  with  excess  of  caustic  potash.  The  undissolved 
oxide  of  iron  was  separated  and  washed,*  and  the  alkaline  liquid 
(which  with  the  protoxide  of  the  decomposed  blue  had  formed 
cyanuret  of  iron  and  potassium)  was  decomposed  by  the  addition 
of  corrosive  sublimate,  the  digestion  being  continued  for  some 
hours.  The  oxide  of  iron  precipitated  by  this  process  was 
washed  and  strongly  heated  to  separate  the  oxide  of  mercury 
which  was  precipitated  with  it.  The  oxide  of  iron,  separated 
from  the  prussian  blue  by  potash,  was  to  that  separated  by  cor- 
rosive subUmate  as  30  to  22. 

If  the  prussian  blue  were  analogous  to  the  phosphate  andarse- 
niate  alluded  to,  the  two  weights  of  the  oxide  of  iron  ought  to 
have  been  in  the  proportion  of  2  to  1.  I,  therefore,  repeated 
the  experiment  with  the  prussian  blue,  washed,  but  not  dried,  in 
order  that  it  might  not  be  changed  by  the  drying,  and  the  two 
weights  thus  obtained  were  70*5  parts  of  oxide  ot  iron,  separated 
by  the  potash,  and  52  parts  precipitated  by  digestion  with  the 

*- 1  satisfied  mysdf  by  an  experiment  previously  made,  that  the  oxide  of  iron  thus 
ofatHiied.oonteiDed  do  bydtocyamc  acid. 
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corrosive  sublimate.  These  proportions  bein^  neith^  ae  1 
to  2,  nor  as  2  to  3, 1  thought  it  requisite  to  examine  whether  the 
caustic  potash  did  not  in.  some  way  decompose  cyanogen.  I^ 
thereforei  analyzed  prussian  blue  by  digesting  it  for  a  long  time  - 
with  bicatbonate  of  potash.  The  decomposition  was  comfdete^ 
the  bicarbonate  left  31  parts  Of  oxide  of  iron.  The  yellowish 
solution  was  supersaturated  with  nitric  acid,  evaporated  to  dry- 
ness, and  the  dried  mass  was  exposed  to  a  red  heat. 

This  mass  being  washed  with  water  left  23  part^  of  oxide  of 
iroici  undissolved:  All  these  numbers  agree  together,  and  the 
two  portions  of  oxide  of  iron  obtained  in  each  experiment  are  ia' 
the  proportion  of  three  atoms  of  oxide  .of  iron  and  four  atoms  of 
the  same  oxide;  that  is  to  say,  =  2935*29  :  3913-72.  The 
analysis  then  proves  decidedly,  that  in  prussian  blue  prepared  in 
this  manner,  the  oxide  of  iron  contains  twice  as  much  oxygen  a» 
the  protoxide,  and  consequently  its  composition  is  proportional: 
to  that  of  other  cyanurets  or  ferruginous  hydrocyanates ;  this  ia 
also  demonstrated  by  the  substances  from  which  prussian  blue  is 
precipitated,  remaining  neutral.  But  what  is  then  the  blue  masa 
ivhich  is  produced  by  the  oxidation  of  the  white  hydrocyanate 
of  iron  ?  This  compound  cannot  be  neutral,  forit  does  notmeet  with 
apy  acid  to  saturate  it,  nor  can  it  contain  oxide  of  iron  mechani- 
cally mixed  ;  first,  because  I  have  ofiten  seen  it  totally -dissolye 
in  water ;  and  secondly,  because  the  hydrate  of  oxide  of  iron 
must  alier  the  fine  blue  colour  to  green,  as  happens  if  the  solo- 
tion  in  which  it  is  formed  contains  an  excess  of  the  ferruginous 
salt. 

The  experiments  which  I  have  made  to  analyze  prussian  blue 
by  means  of  combustion  have  not  given  me  as  decisive  results 
as  I  expected.  A  quantity  of  prussian  blue  dried  at  a  high 
temperature  gave  58  per  cent,  of  oxide  of  iron  by  combustion. 
Another  portion  of  the  same  prussian  blue,  weigned  an  instant 
after  the  former,  was  burned  with  oxide  of  copper,  taking  the 
same  precautions  as  already  mentioned.  The  water,  carbonic 
acid,  and  azotic  gases,  obtained,  indicated  45*6  parts  of  carboo, 
and  53*1  of  azote  =  98*7  parts  of  cyanogen.  The  prussian  bUie. 
employed  contained  such  a  portion  of  metallic  iron  as  would' 
combine  almost  precisely  with  this  quantity  of  cyanogen  ta 
become  cyanuret ;  and  by  adding  together  the  weight  of  the 
iron,  cyanogen,  and  of  the  water  obtained,  the  weight  amounted 
almost  precisely  to  that  of  the  prussian  blue  employed,  without 
leaving  any  thing  for  the  weight  of  the  oxygen  of  the  oxide  of 
iron,  which  ought  to  exceed  the  hydrogen  of  the  hydrocyania. 
acid,  if  the  compound  had  contained  excess  of  base. 

1  repeated  this  experiment  with  prussian  blue  precipitated, 
from  a  neutral  solution  of  muriate  of  deutoxide  of  iron,  and  dried 
in  vacuo,  without  heat.  It  left  after  combustion  54*66  per  cenC 
of  red  oxide  of  iron ;  when  burned  with  oxide  of  copper,  it: 
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yMdMl  carbonic  acid  and  azote  which  indicated aJmost  precisdy 
tine  same  quantity  of  cyanogen  as  in  the  former  experiment,  an 
adding  together  the  weight  of  the  water,  iron,  and  cyanogen,  -"^^ 
almost  jtrecisdy  equalled  that  of  the  prusstan  blu^:  emplDTe 
No  one  of  these  experiments  indicated  such  a  relation  0^1! 
iron  to  the  cyanogen  as  ought  to  have  been  obtained  acrcordio^ 
to  the  experiments  made  in  the  humid  way,  andalreadydescnbed| 
they  leave,  therefore,  some  uncertainty  as  to  the  tiue  cabaro 
tliis  substance. 

I  treated  some  prussian  bine  recently  prepared,  with  tnurial 
acid  to  separate  the  excess  of  base,  and  after  having  well  washi 
it,  I  mixed  it  with  pure  water,  and  passed  a  current  of  sulphi 
etted  hydrogen  gas  through  it,  until  the  v»ater  was  saturati 
with  the  gas.  1  then  corked  the  bottle,  and  left  these  two  so 
stances  to  react  upon  each  other  for  several  days.  The  pnissii 
blue  became  of  a  lighter  blue  colour,  and  eventually  becaioe 
a  dirty  white. 

The  fluid  became  whitish  with  the  sulphur  precipitated;  laften 
wards  separated  the  white  mass,  and  I  evaporated  the  excess  tT^ 
sidphnretted  hydrogen  gas  by  exposure  to  the  air.  Thia  flail 
Eiow  reddened  tonrnsol,  and  precipitated  of  a  blue  colour  thow 
salts  of  iron  which  contained  deutoxide.  'llie  sulphurettfld 
hydrogen  gaa  on  reducing  the  deutoside  of  iron  of  the  pnissia' 
blue  to  the  st^te  of  protoxide,  and  then  separated  from  it  thi 
portion  of  hydrocyanic  acid  by  which  the  deutoxide  had  beal 
neutralized  in  the  same  way  as  occurs  with  every  other  neutral' 
salt,  whose  base  ia  a  deutoxide,  when  the  sulphuretted  hydroggs' 

reduces  it  to  the  state  of  protoxide.     It  must  also  be  observed: 

that  the  acid  liquid  in  question  contains  no  pure  hydr< 
acid  ;  it  still  contained  iron  :  it  was  the  ferruginous  prusslc  acti 
which  I  shall  hereafter  consider.  ri 

The  mass  which  was  rendered  white  by  the  action  of  tb^ 
sulphuretted  hydrogen  regained  its  blue  colour  by  exposure  W 
the  air,  and  became  at  the  same  time  partly  soluble  in  pu 
water.  The  blue  solution  again  treated  with  sulphuretted  hydi 
gen  deposited  a  black  substance,  did  not  again  become  aci 
nor  did  it  again  acquire  the  property  of  precipitating  the  sol 
dons  of  deutoxide  of  iron  of  a  blue  colour.  In  the  same  raa^ 
the  insoluble  portion  of  the  regenerated  blue  became  black, 
sulphuretted  hydrogen.  These  experiments  prove  then  thattbi 
are  actually  two  blue  compounds,  one  of  which  is  neutral,  ai 
composed  of  three  atoms  of  hydrocyanaie  of  protoxide  uid  fb 
atoms  of  deutoxide  of  iron ;  that  is  to  say,  the  last  contaii 
twice  as  much  oxygen  and  acid  as  the  first.  The  other  appea 
to  be  composed  of  an  atom  of  hydrocyanate  of  protoxide 
of  two  atoms  of  subhydrocyanate  of  deutoxide  of  iron,  antdt 
to  the  blue  phosphate  of  iron  and  the  green  arseniate  of  the 
metal. 
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It  19  evident  that*  the  phenomeiia  produced  by  the  metallic 
cyuiurets  and  hydfooyanates  can  be  explained  only  by  a  theory 
analogous  to  that  proposed  for  the  muriates  by  MM*  GiE^>Lussac. 
andTheuard,  and,  which  was  afterwards  adopted  aud^veloped, 
by  Sir  H.  Davy;  and  this  analogy  of  the  phenomena  pr6s^nted 
by.  the  cyanurets  is  undoubtedly  a  circumstance  which  is  very. 
farouraUe  to  this  theory. 

It  seems  to  follow  from  the  experiments  above-meationed^ 
that  the  cyanurets  of  very  electro-positive  bases ;  that  is,  of  the 
metals  which  form  alkalies,  do  not  decompose  water,  and  do  not 
form  -hydrocyanates.  The  weaker  bases,  such  as  glucina,*. 
ammonia^  the  greater  number  of  metallic  oxides,  on  the  contrary, 
become  iiydrocyaaates,  which,  when  exposed  to  a  high  temper- 
atore,  either  do  not  become  cyanurets,  or  do  not  form  them 
without  having  a  part  of  their  cyanogen  decomposed  by  the 
oxygen  of  the  bases,  and  yielding  at  the  same  time  carbonic 
acid,  ammonia,  and  metallic  carburets.  With  the  exception  of 
hydrocyanate  of  iron  and  ammonia,  it  appears  that  when  one  of 
the  bases  occurs  in  the  state  of  hydrocyanate,  the  other  is  so 
Ukewise ;  so  tiiat  there  is  no  compound  of  a  cyanuret  and  a 
h5rdrocyanate.  When  the  cyanurets  combine  with  an  additional 
quantity  of  base,  it  appears  that  the  cyanuret  becomes  an  hydro- 
cyanate, and  that  the  whole  becomes  a  subhydrocyanate  ;  such 
ia  probably  the  state  of  combination  of  cyanuiet  of  mercury  with 
oxide  of  mercury. 

Before  I  conclude  these  observations,  I  shall  say  a  few  words 
upon  the  acid  called  ferruginous  hydrocyanic  acid,  and  which 
has  been  considered  as  a  peculiar  acid,  of  which  the  iron  is  an 
element*  This  compound  is  produced  when  a  stronger  acid 
combines  with  the  second  base  of  a  ferruginous  hydrocyanate  ; 
then  the  whole  quantity  of  hydrocyanic  acid  combines  with  the 
protoxide  of  iron,  and  these  results  are  hydrocyanate  with  excess 
of  acid,  in  which  the  protoxide  is  combined  with  three  times  as 
much  acid  as  in  the  neutral  salt.  All  that  I  have  already  stated 
upon  the  nature  of  the  cyanurets  and  ferruginous  hpdrocyanates 
is  evidence  in  favour  of  this  manner  of  regarding  this  acid  sub- 
stance. Porrett  has  described  two  methods  of  obtaining  this 
acid,  one  of  which  is  to  decompose  the  cyanuret  of  iron  and 
barium  by  sulphuric  acid ;  and  the  other  to  decompose  the 
cyanuret  of  iron  and  potassium  by  means  of  a  solution  of  tartaric 
acid  in  alcohol.  The  fluid  being  left  to  spontaneous  evaporation, 
crystals  are  obtained.  Neither  of  these  methods  gives  the 
superhydrocyanate  of  iron  in  a  pure  state. 

*  Glucina  gives  a  soluble  hydrocyanate,  which,  reduced  by  evaporadon,  becomes  a 
txansparoit  varnish,  which  is  often  bluish.  It  is  obtained  by  the  double  decomposition 
of  sulphate  of  glucina  and  cyanuret  of  lead  and  iron.  There  is  also  a  ferruginous  hydro- 
cyanate of  alumina.  When  neutral,  it  is  but  slightly  soluble ;  but  with  excess  of  add, 
it  may  be  diasolTed.  It  is  prepared  with  hydrate  of  alumina  and  ferruginous  prusaic 
add. 


Professor  Berxelius  on  ['t^HH 

'  l-pMpMed  it  in  the  foliowing  manner:  I  took  some  cyananjj 
of  iron  and  lead  which  had  been  well  washed  but  not  dried,  dttH 
I  decomposed  it  mider  water  by  a  current  of  sulphuretted  hydRsH 
gen  gas,  until  the  sulphuretted  hytlro^n  was  in  excess.  ^H 
immediately  filtered  it,  and  evaporated  it  in  vacuo  in  the  nsnH 
manner.  But  as  siilphnretted  hydrogen  Epoils  the  aJr-pntpp^'  J 
afterwards  took  the  precaution  to  decompose  the  sutpnurettflfl 
hydrogen  by  the  addition  of  a  small  quantity  of  cyanuret  of  irciM 
and  lead.  The  filtered  fluid  remained  limpid  and  colonriesfffiTn 
vacuo,  and  it  eventually  leaves  a  milk-white  opaque  sub^taiMKN 
which  has  no  appearance  of  crystallization.  This  white  maMKB 
has  the  following  properties :  it  dissolves  in  water,  to  wfaicli^JB 
imparts  an  acid  and  agreeable  flavour,  but  which  is  TstlflH 
astringent.  In  contact  with  the  air  it  deposits  prussian  bl^H 
and  assumes  a  greenish  colour.  It  ie  inodorous,  unless  TtnH 
begun  to  decompose.  When  boiled,  the  liquid  gives  outhyd^H 
cyanic  acid,  ana  deposits  a  powder  which  becomes  blue  in  cflH 
tact  with  the  air.  it  is  necessary  to  boil  it  for  some  tini^'WR 
decompose  it  entirely.  The  fluid,  when  half  decompaaediyl 
ebulhtion,  has  seemed  to  me  to  possess  a  more  astringent  ta*ti!%  J 
I  will  not  assert,  whether  by  this  operation,  there  is  formfifl 
an  hydrocyanate  of  iron  with  a  smaller  excess  of  acid.  If  C(fl| 
water  be  saturated  with  dry  saperhydrocyanate,  and  thesolotl^H 
be  aufleredto  remain,  it  gives  small  transparent  colourless  (i^iH 
taJs  which  appear  to  contain  water  of  crystallization,  but  I  hMwB 
not  been  able  to  determine  their  form.  The  crystals  are  fonneTn 
in  groupes  composed  of  concentric  rays.  The  rays  ap^earedtt  J 
me  to  be  quadrilateral  prisms.  If  I  were  permitted  to  conjetitUt^U 
I  would  say  that  these  crystals  are  a  hydrocyanate  in  vbidH 
water  replaces  the  second  base  that  existed  with  the  proto}cidti>QH 
iron.  The  white  substance  obtained  by  evaporation  in  vacuo  dtMfl 
not  appear  to  contain  any  water,  or  rather  appears  to  be  the  suptfPI 
hydrocyanate  of  protoxide  of  iron  without  water  of  crystalndjjn 
tion ;  for  if  it  be  distilled  in  a  small  and  proper  apparatus,  it. J 
gives  at  first  hydrocyanic  acid ;  afterwards  carbonate  of  amttgflll 
nia  and  prussiate  of  ammonia.  The  production  of  ammonia- ifl 
tliis  experiment  proves  that  wlial  remains  after  the  hydrocyaidH 
acid  which  is  first  evolved  is  a  hydrocyanate,  and  not  a  cyanu'^H 
because,  in  the  latter  case,  it  could  only  have  given  hydro cyai^M 
acid  and  azotic  gas.  This  substance  may  be  kept  without  aHBH 
ration  in  well-closed  vessels,  but  in  the  air  it  gradually  decoBM 
poses,  becomes  at  first  greenish,  afterwards  blue,  and  finiBlm| 
by  being  entirely  converted  into  prassian  blue.  ^B 


V.  On  the  Decomposition  of  Hydrocj/aiiates  bif  Exposure  to.  | 
High  Temperature  in  close  Vessels. 

It  is  evident  from  what  I  have  above  stated  that  several  cjj 
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i  phenomena « differing  from  those  whidl  have    been  hithefto 

•admitted. 

I  have  examined  some  of  them  mth  this  view,  and  I  think 

ifhat  I  can  draw  conclusions  from  my  experiments  regarding  the 
^  rwhole  class  of  cyanurets. 

1.  Cyanuret  of'  Iron  and  Potassium,--^!  heated  this  in  a  small 

apparatus,  so  arranged  as  to  collect  the  gases  evolved.     At  a 

heat  near  redness,  it  melts ;  and  before  this,  it  gives  nothing 

'volatile  or  gaseous.     But  at  a  strong  red  heat,  it  is  filled  with 

«mall  bubbles  which  are  disengaged  at  long  intervals,  and  it 

lemains  in  this  state,  even  at  a  temperature  at  which  the  glass 

softens.    While  cooling,  it  has  a  deep-yellow  colour;  but  it 

becomes  almost  colourless  upon  cooling  to  the  temperature  of 

the  atmosphere.     Dissolved  in  water,  it  leaves  a  small  quantity 

of -quadricarburet  of  iron  in  black  flakes,  and  the  solution  has 

alkaline  properties  and  smells  of  hydrocyanic  acid.     The  gas 

obtained  possessed  all  the  characters  of  azote.    The  cyanuret  of 

potash  separated  from  cyanuret  of  iron  thus  decomposed  gives 

^hydrocyanate  of  potash  with  water,  from  whence  its  alkaline 

-property  and  hydrocyanic  odour  are  derived. 

2.  Cyanuret  of  Iron  and  Barium  treated  in  the  same  manner 
is  more  easily  decomposed  at  a  red  heat,  gives  abundance  of 
aaotic  gas,  and  leaves  a  residuum  of  cyanuret  of  barium  and 
quadricarburet  of  iron.  The  decomposition  is  usually  so  com- 
plete, that  the  solution  gives  no  blue  with  solutions  of  deutoxide 
of  iron ;  but  there  are  obtained  a  solution  of  a  fine  purple-red 
eolour,  and  a  red  precipitate.  This  red  compound  was  first 
observed  by  M.  Vauquehn  :  he  obtained  it  by  treating  deutoxide 
of  iron  by  hydrocyanic  acid.  That  which  was  obtained  in  the 
manner  now  descnbed  was  not  decomposed  by  ammonia ;  and 
after  being  evaporated  to  dryness,  it  was  again  partly  soluble  in 
water.  Another  part  appeared  to  be  decomposed,  and  was 
changed  into  a  greenish  mass. 

3.  Cyanuret  of  Iron  and  Calcium  is  still  more  easily  decom- 
posed man  that  of  barium.  As  it  retains  more  water  relatively 
to  its  volume,  it  gives  small  drops  of  water,  and  aUttle  carbonate 
and  hydrocyanate  of  ammonia.  Towards  the  end,  and  when  the 
heat  becomes  red,  it  bums,  but  not  vividly,  in  the  same  manner 
as  before  observed,  with  respect  to  the  hydrocyanate  of  iron  and 
■ammonia. 

4.  Cyanuret  of  Iron  and  Lead. — If  it  contains  w  ater,  hydro- 
cyanate  of  ammonia  is  obtained,  which  readily  decomposes,  and 
becomes  brown.  At  a  red  heat,  it  begins  to  evolve  azotic  gas, 
and  gives  nothing  else.  When  the  disengagement  of  gas  is 
finished,  if  the  retort  be  put  in  the  middle  oithe  fire,  vivid  com- 
bustion is  produced.  If  this  temperature  be  employed  before 
the  cyanuret  is  decomposed,  the  disengagement  of  azotic  ^as 
occurs  with  such  rapidity  during  the  combustion,  that  a  portion 
of  the  coaly  mass  is  carried  up  with  it.    U  ^l  \\v%  ^^^^.Vftsw 
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been  separated  froin  the  cyanuret  before  the  comnaeDcemeat  of 
the  experiment,  the  residual  mass  is  a  double  carburet,  conukosed 
of  aa  atom  ot'quadricarbiiret  of  iron  aud  two  atoms  of  quadriGar- 
buret  of  lead,  Fe  C*  +  2  Ph  C^  If,  oil  the  other  hand,  the 
cyanuret  contains  water,  one  part  of  the  carbon  of  the  cyanogen 
is  converted  into  carbonic  acid  at  the  expense  of  the  water,  and 
there  is  a  deficiency  of  carbon  in  the  quadricarburet  of  iron.  It 
has  been  supposed  that  tlie  r«sidual  mass,  after  the  decomposi- 
tion of  cyanuret  of  iron  and  lead,  is  a  kind  of  pyrophorus  ;  this 
is  an  eiror  probably  derived  fiom  the  circumstance  of  the  carbu- 
rets thus  obtained  taking  tire  readily  at  a  lower  temperature  than 
is  sufBcient  to  inflame  other  bodies  <  so  that,  if  the  retort  be 
broken  before  the  contents  are  cold,  they  take  fire,  and  continue 
to  burn  like  amadou. 

6.  Prussian  Blue. — Prussian  blue  treated  with  muriatic  acid 
was  dried  at  the  temperature  of  33fi  Fahr.  and  afterwards  decom- 
posed. It  gave  at  Hist  pure  water,  then  a  little  hydrocyanate  of 
ampionia,  and  afterwards  a  great  quantity  of  carbonate  of  ammo- 
nia, but  always  followed  by  moisture.  Afler  the  evolution  of  the 
volatile  bodies,  I  placed  the  retort  in  the  middle  of  bunmig 
charcovil,  aud  there  was  produced  a  quick  and  brilliant  combos- 
tion,  as  with  the  hydrocyanate  of  iron  and  ammonia. 

Fifty  pavts.and  7-lOths  of  the  black  mass  which  retaaiaediu 
the  retoi-t  were  burned  in  a  small  capsule  previously  weired, 
54'H6  parts  of  red  oxide  of  iron  were  left.  This  relation  between 
the  weights  of  the  carburet  of  iron  and  that  of  the  oxide,  agrees 
precisely  with  a  tricarburet  of  iron  Fe  C' ;  for,  according  to 
calculation,  JjO'7  of  tricarbui-et  of  iron  ought  to  give  M'89  parts 
of  red  oxide  of  the  metal.  As  water  accompanies  the  products 
of  the  decomposition  of  prussiao  blue,  from  the  beginning  to  the 
end,  it  is  evident  that  the  alE  oity  of  iron  for  carbon  keeps  then 
in  a  fixed  state  of  conibiualioii,  and  consequently  the  proportiao  ■ 
of  carbon  in  the  carburet  of  iron  obtained  by  the  decompositiaK'J 
of  Prussian  blue  is  not  an  accidental  circumstance.  J 

b'.  Hydroci/uuaU  of  Iron  and  Copper. — This  compound  cos^ 
tains  water,  besides  that  whichconvertsitinto  hydrocyanate.  !■ 
gives  during  decomposition  much  water,  some  carbonate,  VfM 
hydrocyanate  of  ammonia.  The  phenomena  of  combustion  ndB 
be  produced  in  the  mass,  but  for  tiiis  purpose,  a  very  high  tfii^| 
peratLire  is  necessary,  aud  yet  it  is  not  very  brilliant.  I'he  10^1 
dual  mass  is  black,  and  possesses  the  external  characters  |H 
those  already  described.  It  inflanies  readily,  and  continuea  |H 
burn  by  itself;  27'7  parts  of  carburet  yielded  28'9  of  the  hlH 
oxides,  both  at  the  maximum  of  oxidation.  The  numbers  agi^| 
with  a  compound  of  an  atom  of  quadricarburet  of  iron  and  twB 
atoms  of  bicarburet  of  copper ;  that  is  to  say,  Fe  C  +  2  Cu  04H 

7.  Hydrocyanate  of  Iron  and  Cobalt. — Jf  this  h  yd  roc  yanateJM 
well  dried,  it  gives  only  a  small  quantity  of  water,  carbonate  aa|H 

'  fe  Vixfai^  yitat  ot  mercmy. .  j^B 
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"deep -green  colour  changing  at  the  same  time,  and  becoming  of 
«-' tenter  gi*een.  At  a  higher  temperature  it  blackens,  gives 
az^c '  gas,  and  finishes  by  deflagrating.  The  black  mass 
Appears  to  be  Fe  C*  +  2  Co  C*,  t?  whicn  a  small  quantity  of 
ctebon  is  accidentally  lost  by  the  presence  of  an  indeterminate 
quantity  of  adhering  moisture. 

8^  Lyanuret  of  Meretin/  has  been  so  thoroughly  examined  by 
>M.  Gay-Lussac  that  I  have  nothing  to  add,  excepting  that  the 
coaly  mass  which  remains  after  the  decomposition  of  this  cyanu- 
ret  is  derived  from  the  formation  of  carburet  of  mercury  during 
tile  decomposition,  and  this  is  the  reason  why  the  cyanogen  is 
always  mixed  with  azotic  gas.  It  is  this  carburet  which  renders 
the  mass  black,  ,and  at  last,  when  exposed  to  a  high  tempera- 
ture, the  mercury  is  volatilized,  and  the  charcoal  remains. 

There  is  also  a  double  cyanuret  of  iron  and  mercury,  or  rather 
41  doable  hydrocyanate  of  protoxide  of  iron  and  deutoxide  of 
mercury.  It  is  obtained  by  dropping  a  solution  of  corrosive 
sublimate  into  one  of  cyanuret  of  iron  and  potassium.  A  white 
|»recipitate  is  formed ;  but  it  is  decomposed  not  only  by  ebulli- 
jtion,  which  causes  the  cyanuret  of  mercury  to  dissolve,  and 
leaves  that  of  iron  insoluble,  but  also  by  the  contact  of  the  air, 
which  causes  the  cyanuret  of  iron  to  become  prussian  blue ;  so 
that  I  have  not  been  able  to  obtain  it  in  a  dry  state. 

9.  Cyanuret  of  Iron'  and  Silver  becomes  bluish  by  exposure 
to  a  little  too  much  during  drying.  It  is  a  cyanuret,  and  not  an 
hydrocyanate.  When  decomposed,  it  gives  at  first  cyanogen, 
and  afterwards,  -when  the  cyanuret  of  iron  begins  to  decompose^ 
it  gives  azotic  gas.  The  phenomenon  of  combustion  occurs  at  a 
lower  temperature  than  with  other  cyanurets.  The  residual 
mass  is  a  mixture  of  metallic  silver  and  auadricarburet  of  iron, 
•firom.  which  the  silver  may  be  separated  by  being  well  tritu- 
lated  with  mercuiy . 

(Tcbe  cimtinHed.) 


Article  VIII. 

On  the  Application  of  Howard's  Fulminating  Mercury  to  the 
Discharge  of  Ordnance.  By  John  Deuchar,  MWS.  Lecturer 
ori  Chemistry  in  Edinburgh. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

«IR,  JEHnlmrgh,  March  7,  1821. 

I  RAVE  just  read  a  communication  from  your  correspondent 
T,  K.  R.  M.  in  the  number  of  the  Antials  for  this  month.  He 
seems  to  have  overlooked  that  part  of  my  paper  near  the  top  of 
page  ©1 ,  in  which  I  mention  that  I  had'u^ed  i\jitcMvaL\\\v^  > 

/i/ew  Series,  vol,  i.  2  ¥ 


Prof.  Buekland  on  ike  Structure  of  the  Alps,    \iv 
ond  that  it  rent  asunder  the  steel  plate  at  the  top  of  the  a[^ 
ratua  without  firing  the  gunpowder  at  the  botton>.     However,  jj 
he  Biiggeeted  the  trial  of  different  proportions  of  the  lulminatii 
mercury  with  sulphur  and  charcoal,  and  that  too  with  the  k 
iedge  ofraixtures  of  these  three  ingredients  having  been  used ji 
several  secret  (.xperiments  some  time  ago  performed  in  Pani^Jtl 
have  repeated  my  experiments  with  Howard's  fulmiaating  xaex- 
cnry  weakened  with  the  above  two  inflammabtes.     i  first  tned  to 
fire  gunpowder  with  it,  through  fiantiel,  at  the  bottom  of  the 
apparatus  (Plate  III.  fig.  1),  p.  89,  when  I  found  that  itnotooly 
did  notlnBame  the  gunpowder,  biit  failed  completely  in  teariu^ 
or  even  moving,  the  paper  at  tlie  bottom  of  the  tube.     1  nest 
tried  the  effect  of  exploding  the  mixture  at  the  top,  when  the 
tube  presented  no  re^ii^tance  at  all  to  any  ffanie  that  might  p»u 
aiong,  but  I  found  ihat  no  light  appeared  at  the  bottom,  althou^ 
I  performed  the  whole  in  a  dark  situation,     1  then  shortcut  I 
the  tube,  but  still  Ibund  that  there  was  uo  ffame  sent  out  at  tte-;3 
end  of  it.  -^ 

In  some  of  these  experiments,  equal  parts  of  Howard's  fuls 
nating  mercury,  sulphur,  and  charcoal,  were  used ;  in  otba 
two  parts  of  the  mercury  were  taken  to  one  part  of  each  of  d 
Test;  and  in  others  again  the  proportions  were  still  furtiM 
varied.  I  remain,  yours  respectfully, 

John  Beucijak. 
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Article  IX. 

'■.ice  of  a  Paper  laid  before  Ite  Geological  Socle///  oni/ieSit 
lire  of'llic  Alps  and  adjoining  I'arla o/' llie.Cottlitteiit,tnniik 
Relation  to  the  Kecundarif  and  TmiisUion  Hocks  of'  Englai 
By  the  Rev.  W.  Buckhind,  Professor  of  Mineralogy  andGf 
logy  in  the  University  of  Oxford,  FRS.  FLS.  MGS.  &«. 

Thk  detail  of  the  phtenomeiia  of  which  I  have  endeavoured 
include  a  brief  summary  in  this  prospective  notice,  will  form  ^ 
subject  of  a  future  and  more  extensive  communicatioQ  to  d 
Geological  Society,  My  immediate  object  is  to  present  'l 
abstract  of  the  leading  points  of  resemblance  between  the  rod 
of  the  Alps,  and  those  which  occur  in  our  own  country. 

Of  the  primitive  alpine  rocks  that  form  the  central  axis  oftb 
most  elevated  and  most  important  mountain  chain  in  Europe,  I' 
have  only  to  observe  that  they  present  such  an  identity  of  sab' 
stance  and  circumstances  with  the  primitive  rocks  of  other  paitl 
of  the  world,  that  any  detailed  account  of  them  will  be  unnfr 
cessary. 

"  'to  t\)e  VtaxL^AlGun.  wul  seeaadi 
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obcar  in  these  same  elevated  regionsy  much  difficulty  exisiSy  and 
moch  error  prevails,  which  it  will  be  my  object  to  endeavour  to 
^away. 

The  term  transition  (for  example)  is  applied  by  many  of  the 
-first  geologists  of  the  Continent  to  a  class  of  alpine  rocks  of  the 
same  i^e  with  those  which  in  England  are  justly  considered 
secondary,  and  which  constitute  the  new  red  sandstone,  or  red 
Fock  marl  formation,  of  the  EngUsh  geologists  ;  and  the  alpine 
Hmestones  which  have  been  supposed  to  have  pretensions  to  high 
'antiquity  will  be  found  on  closer  examination  to  be  contempora- 
-neous  with  the  magnesian  limestone,  and  oolite  formations  of 
England,  and  consequently  more  recent  tlian  our  great  coal  for- 
mation and  mountain  limestone;  with  which  latter  its  name, 
.  external  aspect,  and  elevated  position,  would  at  first  seem  to 
.  associate  it.     It  will  be  found  moreover  that  the  mountain  lime- 
■■  stone  and  great  coal  formation  of  England  do  not  occur  in  the 
Alps. 

The  tertiary  formations  also  constituting  the  molasse  and 
xiagelflue  of  the  Great  Valley  of  Switzerland  have  been  mistaken 
for  the  new  red  sandstone  beds  of  England. 

The  causes  of  these  mistakes  I  shall  point  out,  and  endeavour 

•  to  do  away  ;  they  consist  partly  in  the  enlarged  bulk,  and  partly 
in  the  want  of  distinct  features,  and  of  tangible  character,  which 

•  accompany  all  secondary  strata  as  they  enter  the  Alps» 

I  shall  hope,  however,  to  prove  their  identity  with  English 
formations  by  the  evidence  of  actual  sections  ;  and  to  show  that 
a  constant  and  regular  order  of  succession  prevails  in  the  alpine 
and  transalpine  districts,  and  generally  over  the  Continent^  and 

*that  this  order  is  the  same  that  exists  in  our  own  country.     But 

.though  referrible  to  the  same  system,  and  coeval  in  point  of  time, 
and  conformable  with  respect  to  their  relative  order  of  sncces- 

<aii)n»  the  formations  of  England  and  the  Alps  are  much  disguised 
by  local  circumstances,  and  present  widely  varying  features,  the 
extremes  of  which  it  would  be  impossible  to  identify  without  the 

.  fortunate  interposition  of  certain  connecting  links  that  are  equally 
related  to,  and  partake  equally  of,  the  characters  of  them  both. 

<  .  The  most  remarkable  roiomaly  is  the  total  absence  of  Uie 
English  mountain  lime  and  coal  formations ;  while  our  oohte  and 
magnesian  limestones  (under  the  name  of  alpine  limestones)  rise 
wito  the  most  elevated  crests  and  pinnacles  that  crown  the  sum- 
mits of  this  gigantic  chain,  Tne  following  are  among  the 
greatest  heights  which  they  occasioncdly  attain : 


Ortler,  in  Tyrol 14,466 

Jtmgfrau,  in  Switzerland 12,872 

Diidi  Berg,  in  ditto 10,069 

Tiltis 10,000 

Diableretz 8,240 

Bent de Morde !,«» 
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In  the  Pyrenees  also  we  find  the  same  limestones  forming  the 
most  elevated  rid^e  and  gre&t  water  shed  of  that  vast  chain,  and 
nsing  in  Mount  Perdu  to  10578  feet,  and  in  the  Torre  de  Mae- 
bore  to  10,260. 

These  alpine  limestones  include  nearly  all  the  calcareous  fo^j 
mations  of  England,  from  the  inagnetiiun  limestone  which  lig 
next  above  our  coal  measures  upwards  to  chalk,  piled  on  ead 
other  without  any  subdividing  strata  of  clay  or  sand,  audi 
assuming  the  common  character  of  a  comjiact  grey  marble,  pQl 
sessing  no  variations  by  which  one  part  of  the  formation  c&a|{ 
distinguished  Irom  another.  And  such  is  generally  the  featun 
lees  condition  of  the  great  calcareous  masses,  which,  extendb^ 
from  the  Pyrenees  through  the  south  of  France  by  Avignon  ft 
Dauphiiie,  stretch  thence  uninterruptedly  through  Swit7^rlattj 
Tyrol,  Saltzburg,  and  Styria,  to  the  Danube  Lelow  Vienna 
while  on  the  south  side  of  the  central  Alps  a  similar  calcareoi; 
mass  extends  from  the  Lago  Maggiore  and  Como  through  t|| 
Italian  Tyrol  into  Croatia  and  Dalmatia. 

Fortunately  this  want  of  distinguishing  feature  is  not  univers^ 
occasionally  spots  occur  in  which  the  strata  present  evidence 
which  identify  thera  with  those  of  England,  and  throw  light  o 
the  history  ot  the  larger  and  less  distinctly  characterized  masst 
of  which  they  form  a  part.  <ii 

The  ^neral  structure  of  the  Alps  and  Jura  mountains,  aqi 
the  valleys  adjacent,  reduced  to  their  most  simple  form,  may  I) 
briefly  stated  thus : 

1.  General  Structure  of  the  great  Alpine  Chai 

't  he  central  axis  of  this  vast  chain  extending  continuom 
north  eastward  from  Savoy  through  Switzerland,  Tyrol,  a 
Styria,  to  Presburg,  is  composed  of  primitive  rocks,  the  avera, 
breadth  of  which  is  about  60  miles.  In  contact  with  these  a 
extensive  masses  of  transition  rocks,  but  their  presence  is  ii  ^ 
lar^  and  when  they  occur,  there  is  nothing  in  the  external  featnM 
of  the  country  to  mark  tlieir  junction  with  the  primitive  masa#' 

This  central  ridge  of  primitive  and  transition  rocks  is  baundf 
on  each  side  by  two  vast  belts  of  alpine  limestone,  coextensh 
with,  and  continuous  beyond  the  primitive  chain.  The  elevatiel 
of  the  latter  sinks  gradually  as  it  advances  north  eastward,  ti 
near  Presburg,  it  drops  below  the  bed  of  the  Danube,  and  onfl 
north  of  that  river  again  gradually  rises  to  form  the  chain  of  fll 
Weise  Gebirge  which  connects  the  Alps  with  the  Carpathian*; 

The  lateral  belts  of  alpine  hinestone  maintain  their  elevatifl 
more  constantly  than  the  primitive  chain,  and  extend  the mseln 
far  beyond  it ;  the  north  belt  stretching  north-westwards  froi 
Dauphine  into  Laiiguedoc,  and  to  i  the  Pyrenees,  and  the  s  " 
belt  south-eastward  by  Carniola  into  Dalmatia. 

These  lateral  belts  are  divisible  into  two  systems,  tlie  eldet 
younger  alpine  hmestone* ',  'Ocvfc  Wmax  ^'a\t.\x3\v'^taneoiii 
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with  the  magnesian  Umestone  that  rests  in  the  coeil  fonnation  of 
Englaad,  and  characterised  by  containing  gypsum,  salt  and 
metallic  ores,  and  occasionally  beds  of  saliferous  marl,  red  sand- 
stone, and  rouhwacke  ;  the  latter  entirely  destitute  of  all  these 
substances,  and  comprehending  beds  which  their  organic 
remains  and  superposition  to  the  elder  alpine  limestone  and 
occasional  structure  show  to  be  contemporaneous  with  the  lias 
and  oolite,  and  sometimes  green  sand  and  chalk  formations  of 
England.  The  chalk  seems  to  occur  only  on  the  Itialian  side  of 
the  Alps,  near  Vicenza. 

These  beds  of  alpine  limestone  are  bounded  externally  by  the 
Tertiary  formations  of  the  Plain  of  Lombardy  on  the  south  ;  and 
by  similar  tertiary  formations  in  the  Great  Valleys  of  the  Danube, 
and  of  Geneva  on  the  north. 

Internally,  they  are  terminated  by  two  precipitous  escarp-* 
ments;  one  on  each  side  of,  and  both  rising  towards,  the  central 
primitive  ridge. 

.  Between  these  two  escarpments  there  are  detached  ridges 
and  insulated  or  outlying  masses  of  the  same  alpine  limestone 
covering  occasionally  large  tracts  of  the  intermediate  primitive 
country. 

Note. — The  great  north  escarpment  produces  a  remarkable 
effect  upon  the  upper  courses  of  all  the  important  rivers  that 
rise  on  the  north  side  of  the  central  watershed  of  the  Alps,  i.  e. 
the  Iserre,  Rhone,  Rhine,  Inn,  Salza,  andEnns. 

Most  of  their  tributary  streams  take  origin  in  the  central  pri^ 
mitive  ridge,  and  descend  northwards  till  they  meet  the  great 
escarpment  of  the  alpine  limestones.  On  approaching  this,  they 
are  suddenly  deflected  nearly  at  right  angles  to  their  former 
direction,  and  run  under  it  from  50  to  100  miles,  till  some  gorge 
or  fracture  in  the  limel^tone  allows  them  to  escape  into  the  plains* 
'  The  above  rivers  enter  their  gorges  at  the  following  places,; 
The  Iserre  at  Grenoble.  Rhone  at  St.  Maurice.  Rliine  at 
Sargans.  Inn  above  Kufstein.  Salza  at  Werfen.  Enns  .at 
Hiflau,  10  miles  north  of  Eisenertz,  in  Styria. 

The  extent  of  their  course  under  the  escarpment  is  as  follows  : 

Iserre  from  Conflans  to  Grenoble. 
•    Rhone  from  the  Furka  to  St.  Maurice. 

Voider  Rhine  from  its  source  to  Coire. 

Inn  from  Landek  to  Inspruck  and  Kufstein. 

The  course  of  the  Upper  Salza  is  not  in  the  valley  immediately 
subjacent  to  the  limestone  escarpment,  biit  in  a  parallel  valley 
of  pritnitive  rocks  at  no  great  distance, to  the  soutn  of  it. 

Some  minor  rivers  between  this  valley  and  the  escarpment  are 
similarly  affected  by  it,  and  escape  by  minor  gorgesi. 

Eims  from  Radsta,dt  to  Hiflau. 


The  south  calcareous  belt  appears  to  dip  (at  least  at  its  we&t 
extremity  near  Como  and  Verona)  toNNotTO  \Xi^  ^wi  ^Www^- 
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bardy,  and  sink  beneath  the  tertiary  formaticmB  of  the  basin 
the  Po;  while  tii«  north  calcareous  belt,  being  disposed  in  a 
of  trough  shape,  has  a  double  dip  and  double  escaipmeot,  i 
ping  noi'thuards  .along  its  line  of  junction  with  the  central  p 
mitive  chain,  hut  chaitging  its  inchuation,  aod  again  rising' wiH 
an  highly  elevated  escarpment  also  towardci  the  north,  alonv  ii 
line  of  its  Lermiuatiou  in  the  Valley  of  the  Danube  and  of  Sm 
zerland . 

At  the  foot  of  this  north  escarpment,  the  limestone  rests  geai 
rally  on  a  basis  of  greywacke,  dipping  southwards  under  t"" 
liiuestone  towards  the  central  Alp^,  and  being  often  much  di 
torted  and  even  vertical. 

The  same  greywacke  appears  irregularly  along  the  base  of  Jl 
south  escarpment,  and  may  be  seen  at  Werfeu,  60  miles  on  tt' 
south  of  Snltzbnrg. 

The  south  calcareous  border  rests  sometimes  immediately  a 
primitive  slate  without  the  intervention  of  any  transition  rodo 
but  more  frequently  upon  an  extensive  deposit  of  red  sandetooi 
red  conglomerate,  and  porphyry,  which  are  considered  as  belonl 
ing  to  the  transition  formation  by  Brocchi  and  most  writeta  ■ 
the  Alps,  but  which  appear  to  be  contemporaneous  with  the  ni 
red  sandstone  formation  of  England. 

The  following  order  of  succession,  founded  principally  on  1 
rocks  that  occur  in  Switzerland  and  the  Tyrol,  may  be  consideN 
as  a  type  of  the  general  structure  of  the  Alps  and  valleys  adu 
cent  to  them.  1  shall  arrange  them  in  classes  accoiding  to  U 
names  by  which  they  are  generally  known  on  the  Continent,  ai 
point  out  the  analogies  which  the  component  members  of  eiu 
class  bear  to  the  strata  of  England. 

] .   Tertianj  Farnialiotis. 

These  formations  are  principally  composed  of  strata  of  sanj 
sandstone,  clay,  and  limestone,  of  nearly  the  same  age  with  ttj 
formations  above  the  chalk  in  the  basins  of  London  and  Paii 
and  containing  subordinately  beds  of  matlstone  and  coal,  in  bff 
of  which  are  occasionally  found  freshwater  shells.  The  san< 
stone  and  conglomerate  constitute  the  molasse  and  nagelflue  c 
Switzerland,  and  their  order  of  succession  is  ;  1.  or  uppermo 
nagelflue;  2.  freshwater  formations;  3.  molasse.  The  tnickni 
of  1  and  3  is  from  3000  to  4000  feet.  The  occurrence  of  fred 
water  formations  is  partial,  and  their  thickness  not  considera 

The  molasse  and  nagelflue  occupy  the  Great  Swiss  Vallq 
extending  from  the  Lake  of  Geneva  to  that  of  Constance,  froi 
whence  tney  continue  down  the  Valley  of  the  Danube  into  tl 
plains  of  Hungaiy  and  Transylvania:  they  are  occasional 
accompanied  by  bmestonc  that  bears  a  strong  reseniblance  1 
^e  calcaire  grossier  of  Paris, 

II.  Younger  Alpine  Limeslom. 

.  Chalk,  assuming  the   toim  o^  ^L^aii  caTOiij»(A,  YvmMtaoiV 
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passing,  as  in  Lincolnshire,  from  brick-red  to  pure-white  colour, 
and  containing  nodules  of  black  flint,  occurs  in  the  Subalpine 
Hills  of  the  Vicentino  on  the  north  of  Vieenza  and  Verona,  and 
at  Monteselice  near  Padua. 

2.  Green  Sand, — Dark  sandy  limestone,  interspersed  witl^ 
grains  of  green  earth,  and  containing  abundantly  the  same 
organic  remains  with  the  green  sand  formation  of  England, 
especially  that  near  Folkstone.  It  occupies  a  considerable 
extent  in  Savoy  and  Switzerland,  where  it  rests  on  oolite,  and 
constitutes  the  most  recent  beds  of  the  younger  alpine  lime- 
stone, forming  tlie  summits  of  the  Varens,  Buet,  Dent  de 
Morcle,  and  Diableretz  mountains,  at  an  elevation  of  7000  or 
8000  feet,  and  ranging  in  a  line  parallel  to  the  central  primitive 
chain  of  Mont  Bianc  across  Savoy  from  the  valley  of  the  Arve 
to  tliat  of  the  Rhone. 

3.  Ooliie,  or  Jura  limestone. — The  two  principal  varie-< 
ties  of  this  formation  are :  1.  A  compact  grey  marble ;  2.  A 
granular  ooUte ;  the  latter  occurs  abundantly  in  the  Tyrol^ 
in  the  valley  of  the  Adige  below  Trent,  and  occasionally  ii^ 
the  Saltzburg  mountains;  the  former  prevails  in  Switzer- 
land, and  generally  through  the  Alps;  near  Aigle,  on  the 
south-east  of  Vevey,  it  assumes  Uie  character  of  red  com-t 
pact  marble  similar  to  that  of  Saltzburg;  and  at  lloche,  in 
the  same  neighbourhood,  it  is  full  of  organic  remains  resem- 
bling those  of  the  English  coral  rag;  but  from  the  compact 
nature  of  the  matrix  in  which  they  are  imbedded,  these  are 
▼isible  only  on  the  surface  of  the  weathered  blocks.  This  last 
observation  may  be  applied  also  to  a  large  proportion  of  the 
younger  alpine  Umestone  beds  in  the  Tyrol  and  Saltzburg,  in 
which  the  organic  remains  are  for  the  most  part  concealed  by  y 
the  extreme  compactness  of  the  stone  ;  but,  when  apparent,  are 
referrible  to  the  same  classes  with  the  oolite  fossils  of  England. 
Such  remains  are  distinctly  visible  at  Nafels,  near  Glarus,  in  Swit-^ 
zerland,  atid  at  Halstad,  in  Saltzburg ;  where  also  the  limestone 
becomes  partially  ooHtic. 

4.  litf^.-^The  lias  (like  all  the  otlier  formations  in  the  Alps) 
is  destitute  of  its  alternating  beds  of  clay,  but  maintains  its  posi-r 
tion  between  the  oohte  and  new  red  sandstone.  At  the  salt 
mines  of  Bex,  it  reposes  immediately  on  the  upper  bed  of  salife- 
rous  gypsum,  where  it  is  a  dark-blue  compact  limestone,  and 
contains  ammonites,  nautilites,  terebratulites,  and  many  bivalves 
identical  with  those  of  the  lias  of  England. 

At  Halstad,  it  occupies  a  similar  position  between  the  oolite 
and  red  marly  sandstone  that  covers  the  saliferous  limestone 
and  is  full  of  ammonites,  belemnites,  and  other  lias  fossils.  At 
Seefelden,  near  Inspruck,  it  contains  fish  similar  to  those  which 
occur  in  the  English  lias  at  L]^me  Regis.  And  at  Mischelle« 
near  Trent,  it  may  be  seen  dividing  the  oohte  iDrom  the  red  marir 
aiuLoew  i«d  MuuUtooe. 
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^^^^''iiaeiiesian  Limestone  of  England. — The  thickness  of  this 
tormation  in  the  Alps  is  very  considerable,  and  we  must  refer  to 
it  a  large  class  of  rocks  which  are  placed  by  Brocchi,  Charpeo- 
tier,  and  other  writers,  among  transition  limestones.  Mr.  Ebel 
has  lately  proposed  to  call  them  by  the  name  of  HochgebitgB 
Kalketein  (high  mountain  limestone)  from  the  great  elevation 
they  usually  attain.  The  limeBtone  is  here  and  there  precisely  of 
the  same  character  with  the  English  magnesian  hmestone  ;  but 
in  general  it  is  less  abundantly  charged  with  that  earth  than  it  is 
with  us,  though  it  presents  at  intervals  nearly  all  the  varieties 
that  attend  this  formation  in  England  and  Germany.  Its  pre- 
vailing character  in  the  Alps  is  a  dark  compact  limestone,  not 
easily  distinguishable  from  the  compact  younger  alpine  lime* 
stone  without  the  aid  of  its  occasional  metallic  contents,  and  c^ 
the  subordinate  beds  that  occur  in  it :  the  latter  are  referrible  tqfc 
the  following  strata  of  the  magnesian  hmestone  formation  that 
are  well-known  in  Germany. 

1.  Zechstein, — Dark  compact  stratified  limestone  sometimes 
much  charged  with  silex,  aluraine,  or  bitumen.  Localities ;  A»-. 
enburg,  on  Lake  Lucern,  north  border  of  Lake  Wallenatadt^ 
lachell  salt  mine  in  Saltzburg. 

2.  Asche. — Dark  grey  limestone,  of  minute  sandy  graioi, 
rough  to  the  touch,  and  decomposing  to  loose  powder,  resent* 
ijling  ashes.  Its  most  compact  varieties  are  often  split  into 
^mall  angular  fragments,  which  are  reunited  into  an  irregular 
breccia.  > 

Localities :  Pass  of  Guncles  under  Galanda  Berg  on  the  west 
of  Coire,  in  Switzerland.     Heichenhall  salt  springs  in  8altzbui^; 

3.  Rou/iwacke. — A  brecciated  limestone  composed  of  all 
agglutination  of  angular  fragments  of  dolomite,  not  rolled,  bnC. 
formed  apparently  during  the  consolidation  of  the  compounil 
rock  in  which  they  are  inclosed.  The  fragments  are  mora 
loaded  with  magnesia  than  the  matrix  in  which  they  lie;  they  vatjf 
in  colour  from  yellow  to  red,  have  a  pearly  glimmering  aspecL. 
and  decompose  spontaneously  to  a  yellow  powder,  leavmg  smaff 
angular  cells  ;  the  intercellular  substance  forms  a  hollow  rugged; 
mass,  to  which  the  term  roii/iwacke  (roughstone)  has  Beea 
applied  in  Germany. 

This  variety  is  usually  found  near  the  deposits  of  salt  and'. 
gypsum,  and  also  in  the  beds  of  asche  and  zechstein. 

Localities;  Bex  Salt  Mine.  Leisigen  on  Lake Thun.  Weiss- 
tannen,  near  Lake  Wallenstadt,  Mischell,  near  Trent,  on  the, 
Adige.     All  the  Rock  Salt  Mines  of  Tyrol  and  Saltzbui^. 

4.  Rogemtein  (Roestone). — An  oolitic  form  of  magnesiw 
limestone,  well-known  in  the  Thu ringer vald,  and  which  hu 
often  been  mistaken  for  the  English  oolite,  or  Jura  limeslonei 
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ia  character  and  composition.  The  Jura  and  English  oolite 
being  usually  of  a  light-yellow  colour,  inclining  to  white  ;  while 
the  rogenstein  is  of  a  dark-brown  colour,  passing  to  duU-red  :  its 
oolitic  concretions  are  of  concentric  structure,  and  vary' in  size 
from  minute  grains  to  that  of  a  large  bean.  In  England  they 
attain  the  magnitude  of  a  cannoQ-bsul  at  Sunderland  near  New^* 
castle,  and  are  of  a  lighter  colour  than  in  Germany. 
.  Localities :  Hall  Salt  Mines,  near  Inspruck ;  near  the  bridge 
of  St.  Maurice,  in  Switzerland ;  Bridge,  three  miles  south  of 
Reichenhall,  in  Saltzburg,  on  the  road  to  Bertolsgarten. 

All  these  varieties  of  the.magnesian  limestone  formation,  or 
elder  alpine  Umestone,  he  in  the  midst  of,  and  often  pass  into,  a 
dark  compact  grey  limestone.  In  the  same  limestone  there 
occur  also  subordinate  masses  of  dark  blue  shale,  and  of  red 
sandstone ;  these  may  be  seen  in  all  the  salt  mines  of  Tyrol  and^ 
Saltzburg,  where  they  have  masses  and  veins  of  salt  and  gypsum 
dispersed  throughout  their  substance.  The  gypsum  is.  usually 
attended  with  much  anhydrite,  sometimes  forming  (as  at  Bex) 
the  larger  portion  of  the  entire  mass.  The  gypsum  is  often 
destitute  of  salt,  but  the  salt  rarely  (if  ever)  occurs  unattended 
by  gypsum.  Deposits  of  gypsum  occur  abundantly  in  other 
strata ;  but  salt  seems  to  be  confined  exclusively  to  the  compo- 
nent rocks  of  the  magnesian  limestone  and  new  red  sandstone 
formations. 

Localities  of  salt :  Hall,  Halstadt,  Halheim,  Aufsee,  Bex. 

Salt  is  known  to  occur  in  Switzerland  only  at  Bex ;  but  the 
gypsum  extends  from  thence  nprth  eastwards  in  a  Une  parallel 
to  the  central  chain  to  Leisegen  on  Lake  Thun  by  the  valleys  of 
Gsteig,  Ander  Luc,  Lauenen,  and  Adelboden.  It  is  found  also 
on  the  south-west  of  Bex  at  Val  de  Lie  and  other  places  on  the 
continuation  of  the  same  line  through  Savoy,  south  westward. 

IV.  Transition  Rocks  {improperlj/  so  called.) 

Alternating  with  the  lower  members  of  the  magnesian  lime-^ 
etone,  and  interposed  between  them  and  the  true  transition  rocks 
is  an  important  deposit  which  must  be  separated  from  die  latter 
class,  and  placed  with  the  new  red  sandstone,  and  new  red  sand* 
stone  conglomerate  of  England,  although  ranged  amon^  transi- 
tion rocks  by  most  writers  on  the  Alps,  and  by  Brocchi  in  his 
Account  of  me  Val  di  Fassa,  in  TVrol. 

This  alpine  formation  admits  of  subdivision  into  three  varie- 
ties: 1.  New  red  sandstone;  2.  New  red  conglomerate  of 
England,  or  old  red  sandstone  of  Werner ;  3.  Porphyry. 

1.  New  Red  Sandstone,  or  Banter  Sandstone  of  Werf*er.-r-The 
component  beds  of  this  formation  are  seen  to  great  advantage 
in  the  Valley  of  the  Adi^e,  10  miles  north  of  Trent,  and  inthe 
Valley  of  the  ATisia>  wlw^h  de3ceiid8  from  the  Val  di  Fassa  into 
that  of  :the  Adige . in  ihe  same  neighbourhood.  In  both .  these 
valleys  tbejr,i>ecii|iy-.tha.iOwer:iegM>DUft  oiistf»!ai\»aai^%H^^^ 
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nrits  are  composed  of  alpine  limestone  :  their  ordinary  form  ia  ft 
■laty  micaceous  sandstone,  resembling  red  grey  wacke,alternating 
with  beds  of  raaily  sandstone  and  red  marl;  in  the  two  latter,' 
there  occur  abundantly  beds  and  nodules  of  gypsum,  and  <^ 
yellow  sandy  magnesian  limestone.  A  similar  deposit  of  red 
marly  sandstone  may  be  well  seen  at  Hals  tad  between  the  salU 
ferous  f^psum  and  lias.  < 

<  In  Switzerland,  the  usual  state  of  this  stratum  is  more  com- 
pact, forming  a  hard  micaceous  slaty  sandstone,  resembling  red 
greywacke  slate,  and  variegated  with  spots  of  green.  It  occu^ 
pies  a  Tery  uonsiderable  extent  in  this  country,  running  in  a  line 
parallel  to  all  the  other  great  formations  from  ^otre  Dame 
D'Aboiidance,  in  Savoy,  to  the  Valley  of  the  Rhine,  on  the  eaak 
of  Glarus,  and  being  visible  in  the  Kieder  Simmen  Thai  on  the 
south-west  of  Thun  ;  in  the  Meloh  Thai,  near  Lake  Samen ;  ia 
the  Valley  of  Unterchachen,  near  Altorf;  at  Schwanden,  is 
Glarua  ;  and  at  Weistannen  and  IVIels,  near  Saltans,  above  th*' 
b^ad  of  the  Lake  of  Watlenstadt.  Large  blocks  of  it  have  bem. 
drifted  down  from  this  last  named  district  over  the  bills  of 
tertiary  formation  that  border  on  the  Lake  of  Zurich.  It  occut*' 
also  in  the  same  compact  slaty  form,  accompanied  by  gypsuo^, 
and  lying  above  greywucke,  at  Werfen,  in  tne  Tyrol,  50  miltH 
on  the  south  of  SaJtzburg.  = 

2.  New  lied  Conglomerate  {oJd  Red  Sandslone,  or  Rolke  Todt^ 
Liegertde  of  Werner), — As  in  England  and  Germany,  so  also  ia 
Switzerland,  and  the  Tyrol :  tlie  lower  strata  of  the  new  red 
sandstone  formation  pass  into  a  coarse  conglomerate,  containing 
fragments  of  the  adjacent  rocks  older  than  itself,  united  by  aa 
argillaceous  or  sihceoiis,  and  sometimes  by  a  semiporphyritia, 
cement.  The  same  characters  which  this  rock  presents  Best 
Exeter  and  Teignmouth,  in  Devonshire,  and  at  the  base  of  tli». 
Thu ringer- vald,  in  Germany,  are  maintained  by  it  in  the  A]p9i> 
It  occurs  in  Italy,  near  Lugano  ;  in  the  Tyrol,  near  Botzen,  and: 
Cavalese  ;  and  in  Switzerland,  in  the  Mount  Neisen,  near  Laktt 
Thun;  and  at  Schwanden,  in  Glarus.  The  relative  position  rf 
this  conglomerate,  and  the  new  red  sandstone,  may  be  seen  ts 
advantage  in  the  steep  sides  and  escarpments  of  the  Glarus 
mountains,  between  Schwanden  and  Matt,  where  they  appes 
beneath  well  characterized  strata  of  the  elder  alpine  limestoa* 
formation,  and  incumbent  on  true  transition  rocks ;  i.  e.  tii» 
greywacke  and  greywacke  slate  of  Blattenburg. 

3.  New  Red  Porphifn/. — In  Switzerland,  the  conglomerate  «l 
Schwanden  seems  almost,  but  not  quite,  to  pass  into  the  state  of 
new  red  porphyry,  its  cement  and  many  of  its  concretions  being, 
imperfectly  crystalline ;  but  no  decided  porphyry  of  this  forma* 
tion  occurs  on  the  north  frontier  of  the  central  Alps.  On  their. 
Muth  side,  however,  near  Botzen,  there  is  an  extensive  rangeof 
low  mountains,  composed  exclusively  of  this  porphyry  :  it  mif 
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on  the  south  of  Clausen ;  and  covered  by  the  same  conglomerate 
and  by  new  red  sandstone,  on  the  south  of  Botzen,  from  Neu 
Markty  in  the  Valley  of  the  Adige,  to  Cavalese,  in  the  Valley  of 
the  Avisio. 

Along  this  line  the  porphyry  seems  to  pass  insensibly  into  the 
conglomerate,  each  containing  occasionally  subordinate  masses 
of  the  other,  and  both  presenting  features  which  seem  to  induce 
us  to  refer  them  to  a  contemporaneous  origin ;  i.  e.  to  consider 
the  pqrphyry  a  crystalline  form  of  the  same  matter  which,  in  its 
coarser  state,  constitutes  the  red  earthy  cement  of  the  pebble» 
composing  the  conglomerate. 

This  conclusion  is  borne  out  by  similar  phenomena  in  the  same 
formation  in  England,  Scotland,  and  Ireland. 

V.  Transition  Rocks  {properli/ so  called^* 

Transition  rocks,  identical  in  every  respect  with  the  grey- 
wacke  and  ^reywacl^e.  slate  of 'England  and  Germany,  occur 
,  abundantly  iii  the  upper  part  of  the  Valley  of  Glarus,  lying* 
beneath,  and  possessing  very  different  characters  from  the  new 
red  sandstone  and  conglomerate  beds  which  are  usually,  but 
improperly,  called  transition  rocks. 

The  slate  quarries  of  Blattenburg,  well  known  for  their  fossil 
fish,  lie  in  a  calcareous  variety  of  this  greywacke  slate,  which 
alternates  with  decided  granular  greywacke.  The  same  transi-^ 
tion  formation  extends  from  thence  to  the  Valley  of  the  Tamina, 
above  the  baths  of  PfefFers,  and  the  mountains  that  flank  each 
side  the  Rhine  for  10  miles  north  of  Coire,  where  also  the  slate 
frequently  becomes  calcareous. 

M.  Brochant,  in  his  paper  on  the  Tarentaise  and  Upper  Dis- 
tricts of  the  Iserre,  in  Savoy,  has  described  with  mudli  accuracy 
a  considerable  extent  of  similar  transition  rocks  on  the  south- 
west of  Mont  Blanc,  passing  from  fine  greywacke  slate  through 
rarious  kinds  of  greywacke  to  coarse  conglomerates,  some  con- 
taining calcareous,  others  siliceous  and  granitic  fragments. 
Coeval  and  connected  with  the  latter  is  the  famous  conglomerate 
of  the  Vallorsine  described  by  De  Saussure,  being  a  pudding- 
stone  of  the  highest  antiquity,  with  fragments  of  gneiss,  granite, 
and  clay  slate  :  these  transition  conglodierates  alternate  with 
micaceous  state,  serpentme,  and  quartz  rocks ;  and  are  totally 
diiFerent  in  appearance,  as  well  as  antiquity,  from  the  new  rea 
sandstone  conglomerate  of  Schwanden. 

'  We  have  analogous  formations  in  this  country  in  the  conglo- 
merates which  in  Pembrokeshire  and  near  Killarney  alternate 
with  greywacke  and  greywacke  slate.  The  old  red  sandstone 
of  England  is  nearly  connected  with  these  last  mentioned  con* 
glomorates,  being  intermediate  between  them  and  the  mountain 
fimestone,  and  separated  by  no  strong  line  from  the  greywacke 
formation,  to  which  it  is  considered  as  belonging  whenever  it 
•ooaiS'on  tbe-GoiitiaQiit. 
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Primitive  Rocks. 

Of  the  primitive  rocks  that  form  the  cctitral  axis  of  the  Alps, 

1  have  only  to  remark  at  present,  that  in  consequence  of  the 

transition  rocks  being  in  many  places  totally  wanting,  they  oflen 

come  into  immediate  contact  with  the  secondary  strata. 

Trap  Hocks. 

There  are  no  traces  whatever  either  of  trap  rocks,  or  whia 
dykes,  in  the  Alps  of  Savoy,  Switzerland,  or  Tyrol,  along  the 
entire  north  side  of  the  great  primitive  riuge  from  Mont  Slanc 
to  Presburg.  But  on  the  south  side  of  it  in  Tyrol  they  occur  in 
considerable  force  at  the  Yal  «li  Fassa  on  the  east  of  Botzea 
under  circumstances  of  singular  resemblance  to  the  trap  rocks 
and  whin  dykes  of  Scotland,  and  the  north  of  Ireland. 
.  .An  excellent  mineralogical  account  of  this  district  has  been 
given  by  Prof.  Brocchi,  of  Milan.  The  trap  protrudes  itself 
through  primitive  rocks,  new  red  sandstone,  and  Alpine  lime- 
stoaes,  both  in  the  form  of  small  dykes  and  irregular  masses : 
the  latter  swell  into  mountains  of  great  elevation  at  the  uppef 
extremity  of  the  Val  di  Fassa,  above  Vigo ;  and  in  the  Sieget 
Alp  close  adjoining.  They  abound  in  well  crygtalli!£ed  minerals, 
chieBy  of  the  zeolite  family,  nhich  bear  a  strong  resemblance 
to  those  of  the  neighbomhood  of  Glasgow.  In  both  countna 
also  the  rock  itself  comes  muck  into  contact  with,  and  cuts 
through  strata  of,  the  new  red  sandstone  formation.  A  similsff 
mass  of  trap  occurs  also  cutting  the  Alpine  limestone  of  Monte 
Baldo  on  the  Lago  di  Garda,  where  it  is  remarkable  for  contain- 
ing veins  and  nodules  of  the  green  earth  of  Verona,  a  substance 
wmch  probably  derives  its  colour,  if  not  origin,  from  the  decont^ 
position  of  pyroxene.  ^ 

Not  far  south  from  Fassa,  on  the  border  of  the  plain  of  Lonv- 
bardy,  is  a  still  more  extensive  formation  of  trap,  which  occupies 
large  tracts  in  the  Vicentino,  the  Monte  Berici,  and  KuganeaB 
Hills. 

In  these  districts,  basaltic  dykes  cut  through  rocks  of  all  &getu 
from  the  mica  slate  of  Recoaro  to  the  Calcaire  Grossier  (%_ 
Monte  Bolca  and  the  Monte  Berici ;  and  amorphous  masses 
trap  protrude  themselves  into  and  through  these  same  fOTroan 
tions,  so  as  tu  appear  in  diiferent  points  both  to  lie  under  and 
over,  and  to  alternate  with  them  all.  In  the  Euganean  HJU^ 
the  trap  has  been  said  to  coatain  marine  shells;  and  hence 
argument  has  been  taken  against  its  igneous  origin.  But  them 
remains  occur  only  in  a  species  of  basaltic  tuf,  or  regenerated 
trap  being  a  conglomerate  rock  composed  of  minute  fragments 
of  trap,  mixed  with  marine  shells  of  the  same  character  with 
those  that  fill  the  strata  of  Calcaire  Grossier  with  which  these 
trap  poDglomerates  alternate,  Similar  shells  are  found  on  the 
BOutb  of  Turin  at  the  base  oi  0\b  '&\i>-;X^Kavns&  ,\a  a.  bceccift 
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composed  of  fragments  of  serpentine,;:  and  in  Hungary  also  in 
an  analogous  breccia. composed  of  fragments  of  volcanic  rocks. 

Although  noi  trap  rocks  occur  between  the  central  Alpine 
Ridge  and  great  Valley  of  the  Danube,  yet  small  portions  of  it 
occur  on  the  north  border  of  this  valley  at  Hoent  Wyl,  near 
Schaffhauseiiy  and  again  at  Urach,  in.  the  Rouh  Alp,  on  the 
nortli-west  of  Ulm. 

Its  extent  a  little  further  north  in  Saxony  and  Bohemia  is  too 
notorious  to  require  mention. 

JuKA  Chain. 

The  general  history  of  the  Jura  Chain  may  be  stated  more 
briefly  ti^an  that  of  the  Alps,  from  which  it  is  separated  only  by 
the  great  valley  of  Switzerland,  extending  from  Geneva  to- Con- 
stance ;  and  being  in  fact  only  the.  continuation  of  the  upper 
extremity  of  the  Valley  of  the  Danube,  and  like  it  composed 
almost  exclusively  of  strata  of  tertiary  formation. 

The  Jura  Chain  runs  in  a  line  parallel  to  that  of  the  Alps,  and 
of  this  great  valley  from  Nantua,  on  the  NE  of  Lyons,  to  Neuf- 
chatel  and  Schafliiausen  ^  from  whence  its  prolongation  through 
the  Rouh  Alp  on  the  south  of  Swubia  connects  it  with  Nuremburg,; 
and  the  great  calcareous  masses  of  the  centre  of  Germany. 

Its  dip  is  toward  th^  Alps,, plunging. under  the  molasse  and 
nagelflue  of  the  ^reat  valley  abo^e-mentioned.  Its  escarpment 
rises  NW  towards  the  primitive  and  transition  rocks  of  the 
Black  Forest,  and  the  Vosges.  Its  component  formations  are,, 
beginning  with  the  lowest,  new  red  sandstone,  magnesian  lime- 
stone, lias,  and  several  varieties  of  oolite ;  on  these  latter  a^ 
dispersed  some  irregular  patches  of  freshwater  formation  and 
lignite.  Its  most  obvious  and  most  abundant  rocks  are  beds  of 
oolite,  resembling  that  of  theCotswoldHills  and  neighbourhood  of 
Bath ;  and  the  term  Jura  limestone  has  been  appUed.  most 
usually,  and  with  most  propriety,  to  this  variety  of  its  component 
rocks,  particularly  in  the  case  of  the  oolites  of  France.  But  in 
Germany,  many  rocks  which  belong  to  the  magnesian  limestone 
formation  have  been  confounded  with  the  true  ooUte  from  the 
circumstance  of  their  analogues  having  been  observed  in  the 
Jura,  and  the  Jura  being  erroneously  considered  to  contain  but 
one  formation.  The  upper  bedis  of  the  Jura  Chain  lying  above 
its  ooUte  assume  the  ordinary  compact. form  of  younger  Alpine 
limestone,  as. may  be  seen  at  Schaffhausen;.  and  confirm  the 
opinion  that  the. oolite  formation  is.  a  component  portion  of  the 
younger  Alpine  limestone.  .  . 

Three  Great  Valleys  bordering  on'the  Alps.    - 

1.  Valley  of  Switzerland. 

The  positicm  of  the-  G^eat  Valley  of  Switzerland,  between:. tlie 
Alps  and  Jura  Chain,  and  parallel  to  \io\3ft.  o^  \JttKa5L^\3«5a»\sR:««k. 
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^peady  described.  It  is  composed  exclusively  of  tertiaqr 
strata ;  i.  e.  magelflue,  molasse,  and  freshwater  tormalioot, 
These  probably  rest  (on  their  HW  side  at  least)  on  the  proli 
gBtion  of  the  upper  beds  of  the  Jura  Chain  dipping  towards  i 
Alps. 

2.   Valley  of  the  Danvbe. 

The  same  Tertiary  formations  extend  on  from  SwitzerlanS 
"into  the  Valley  of  the  Danube,  along  which  they  continue  east- 
ward, with  two  partial  interruptions  near  Vienna,  into  the  great 
plains  of  Hungary  and  Transylvania. 

The  south  frontier  of  this  Valley  from  Switzerland  to  Vienn« 
is  formed  by  the  Alps.  Its  north  border,  by  the  continuation  qf 
the  Jura  into  the  Rouh  Alp,  and  afterwards  by  the  granitic  rocW 
wbii  h  are  connected  with  the  ^reut  primitive  mass  of  the  souA 
of  Bohemia,  and  run  in  a  Hne  nearly  parallel  to  the  Danube 
from  Ratisbon  to  Lintz  and  Melk.  It  is  probable  that  the  fun- 
damental rocks  of  this  great  valley  are  transition  and  primitive, 
since  the  latter  are  seen  emerging  from  beneatli  the  tertiary 
ibrmiitions  along  great  part  of  their  north  frontier.  While  oB. 
their  south  border  from  Saltiburg  nearly  to  Vienna,  they  repose 
immediately  on  transition  rocks. 

3.   Valleif  of  the  Po. 

The  central  portions  of  the  Valley  of  the  Po  are  so  completely 
covered  by  gravel,  that  we  can  only  form  conjectures  as  to  the 
rocks  that  fie  immediately  beneath  it.  But  as  the  firatstratB 
that  appear  on  the  edges  of  this  gravel  are  referrible  to  lertiaiy 
formations,  it  is  probable  that  their  prolongations  stretch  across 
from  the  base  of  the  Alps  to  that  of  the  Apennines. 

Their  position  and  character  in  the  Subapennine  Hills  has- 
been  well  described  by  M.  Broccbi ;  they  may  be  seen  to  gre^t' 
advantage  on  the  south  of  Parma  and  Placentia  resting  on  Ihe- 
transition  limestone,  greywacke  and  serpentine  of  the  Apenninei.^^ 

On  the  north  dank,  they  are  admirably  displayed  in  the  Subat* 
pine  Hills,  near  Verona  and  Vicenza.  And  at  the  western 
extremity,  they  form  considerable  hills  on  the  right  bank  of  the 
Po,  immediately  east  of  Turin :  the  hill  of  Superga,  near  Turin, 
is  a  remarkable  point  on  this  formation. 

Thefollowing  Tabular  ArrangemciU  of  the  Rocia  that  occur  in  tkt 
CuHtincHtal  Districts  vnder  Consirieration,  with  their  EquivO- 
lents  in  England,  may  assist  to  establish  an  Uiiderstunding, 
between  the  Geologisls  of  the  Two  I'ounlries. 

ENGLISH    FORMATIONS.  FORMATIONS     OF     THE    CON- 

TINENT. 

Jllavium.  jilluitlum. 

Effect  of  aata  now  in  action. 
JAuI  efiir^n,  deltas,  gratel  <rf  torrents 
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JDUuvium, 

fiwrd  and  soiled  blocks,  boUi  on  hills 
and  in  valleys,  not  produced  by  any 
causes  now  in  action. 

Oiavel  of  the  valleys  of  the  ThanieSy  Se- 
vern, and  Uumber. 

JBtoeks  of  Cumberland  grKiiteih  the  phdA 
of  Shropshire,  near  Bridgenorth ;  and 

.  «f6alway  granite  at  Shalk  on  the  SW 
fif  Carlisle,  in  Cumberland. 

TERTIARY   FORMATIONS. 
London  and  Hampshire  basins. 

I .  Fi'BMhwHUr  Aimttttne, 
Headen  Cliff;  Isle  of  Wight. 


2.  London  Clay, 
Hlghgate  Hin,  London. 


"With  plants  and  matxne  iUh. 
Isle  of  bheppy. 


*).   P/ostic  Clay  Furmation* 

CSlay,  marl,  sand,  and  gravel,  with  marine 
shells, 
lins  of  London,  Hants,  and  Dorset. 


4.   PudHngttotUt  of  Hertf^BtdshiM^ 

» 

Bruid  sandstone  biodn  of  BuAiiq^iam- 
•hire,  Wilts,  and  I>orBet. 

S.  Lignite  and  Olance  CoaL     Mmperfect 
Wood  CoaL 

Alum  Bay.     Isle  of  Wight. 
Corfe  Clay  Pits.    Isle  of  Poxbeck. 


of  the  Coniimnf. 

Dilttumm, 
Same  as  in  £nglaad« 


m 


Superficial  gravel,  covering  the  regular 

Tertiary  strata  of  the  valleys  of  the  Po» 

the  Danube,  aiid  Geneva. 
Granite  Blocks  ot\  the  Jura  above  Neuf* 

chatel,    and  on  the  Saleve  mountain 

.hear  Geneva. 


TERTIARY    FORMATIONS. 

Basin  of  Paris ;  Valleys  of  the  Po,  the 
Danube,  and  Switz^dand. 

1 .  CaLairt  li* Eau  Douce. 

Basin  of  Paris ;  Frienisberg,  near  Bemoif 
St.  Saphorin,  near  Vevey;  Horgen^ 
near  Zuiich ;  Lode  on  the  Jura ;  Val» 
ley  of  the  Rhine,  three  miles  N£  of 
Basle  These  are  piinqpally  composed 
of  marl  stone,  and  contain  beds  of  coal^ 
with  Freshwater  shells  intermixed. 

Oeningin,  near  Schaffhau»en,  with  firesb* 
water  fish.  ^ 

2.  Cafcaire  Gro«»itr  of  Paris, 

Verona,  Vicentine  Hills,  and  Monte  Bo- 
nd, in  the  valley  of  the  Po. 

Loretto,  Sli  of  Vienna,  u^  basin  of  dk 
nube. 

Tour  de  Moliere,  £  of  Yverdun,  in  SniU 
zerland. 

With  plants  and  marine  fish. 

Monte  Bolca,  near  Verona. 

Solenhofen,  near  Pappenhdm  (prob&UyJ. 

Fish  of  Mount  Lebauon  (probably). 

S.   Plastic  Clay  Formation, 

Beds  of  day,  marl,  sand,  and  gravel,  with 

marine  shells 
Basin  of  Paris. 
All  the  edges  of  the  plain  of  Lombardy  ; 

near   Parma,   Placenza,   Asti,   Turm^ 

Vicerza. 
Valley  of  the  Danube. 
Valley  of  Geneva  and  Constance. 

4.  Nagefflue,  of  Sw'/ter^andy  ComOf  atid 

SaU9'mrg. 

Puddingstone,  of  Rigi,  near  Lucerne,  and 
of  Bregehtz  on  Lake  Constance. 

5.  /^ignite  and   Glance  Coal,      Perfe€t 

and  ustd  for  Fires, 

Monte  l^ca  and  Anignan  in  the  Vi- 

centino.    Fussen  in  Bavaria. 
Titmoniiig,  Teisendorf,  Miesbadi,  and  aU 

the  coal  pits  in  the  Valley  of  the  Da* 

nube,  above  Vienna. 
Marburg,  in  Stytia. 
LeobeU)  in  StyLia. 
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It  IS  not  implxed  that'  the  above  five  gubdivisional  parts  of  the  Tertiaiy  Formations 
yw^mfain  the  Same  relative  order  of  soooeasion;  in.  Englahd  andoo  the  Continent ;  most 
of  them  probably  alternate,  but  they  are  all  more,  recent  than  the  chalk  of  England, 
Fiance,  and  Italy. 

SECOlNbAEY-   FOItMATlbN&. 


Chalk. 


Large  proportion  of  the  S£  of  England. 


Oreen  Sandi 


liaxge  proportion  of  the  S£  oi  England! 


OoHte  Formation, 


Coral  lag,  loose,  and  rubly.. 

Contact  beds  of  Com.  Brush. 
Buckingham  marble..    Yeovil  marble. 
Bath  and  Cotswold  oolite. 


New  Red  Sandstone  and  Red  Mart. 


Chwat  formation  of  salt  and  gypsum. 


Magnesian.  Limestone, 


< 


Chalk. 

Craie  of  the  French, .  oacircling  and  form. 

]iigthebaseofdie;Basinof  Paris.    • 
Younger.  Alpine,  limeslione  of  the  Euga- 

nean  Hillaand.Vioeniine Hills,  in  Italy. 
Fort  near  Lunenburg,  dose  to  the  town 

on.theside  of  Hambuig. 
Castle  of  Cracow,  in  PoLiad. 

Craie  Inferieure  of  the  French, 

Quader  Sandsteia  and  Plsener  Kalk,  of 
Werner.  « 

Younger  Alpine  liviestone  of  Savoy,  form- 
ing the  summit  of  the  Hish  Ridge  ftom 
Mount  Varens  in  the  VaSe  of  the  Arve 
to  Diableret,  in  the  Rhone  Valley. 

Jura  Limestone  {properly  so  called.) 

Y'ounper  Almne    limestone    of  Savojr, 

Switzerland,  and  TyroL 
Muschel  Kalk,  of  Werner. 
Coral  Rag.    Same  oigahic- remains  in  a 

compact  matrix,  and  used  for  marUe  at 

Ro(»e,  near  Vevey. ' 
Comjpact    limestone     of    Scfaaffhaoseo, 

lymg  above  the  Jura  Oolite. 
SaltzbuTgh  marble.      Conte  marble,  of 

France. 
Oolite    of    Jura,    and  Valley    of  the 

Adige. 
Pierre  a   gryphite  of  Fhuice'and' Jnrai 

full  of  the  Oryph^  Arcuata  of  Lamadu 
Muschel  Kalk,  of  Werner. 

Banter  Sandstone  and    Roth    Than  of 
Wtmer, 

First  and  second  salt,  and  gjrpsum  fonna- 
don  of  Werner. 

OrejTwacke  of  Brocchi  in  his  Val  di  Fassa, 
of  Ployer  in  his  map  of  Tyrol,  and 
of  Von  Buch  and  Chaipentier  in  their 
accounts  of  the  salt  formations  of  the 
Alps. 

Elder  Alpine  Limestone.  Hochgebirgs 
Kalk  Stein  of  Ebel^  first  Floetz  Lime^ 

.     stone  of  l¥emef^  dUneihle  into     . 

Zechstein  (Calcsire  a  Gryp^ute  of  Voigt 
and  Schlotheim,  and  contaiiung  Grf* 
phites.aculcattu.)  ^ 

Asche. 

Rouhwacke. 

HolenKalk. 

Rogenstefai. 

Stinkfutein. 

Kupferschicfer,  or  bituminous  marl  datc^ 
with  fish. 

These  subdivisions  are  well  known  in  the 
'SlVrasnik^x-^iii*^^  %xi&  vet  oooasiaiiaDy 


V 


New  Red  Conglomeraie^ 


m 


£tMei^  eiic3T(ffiiig  ihe'lMM^Qiuditoe  and 


New  Red  Porpkgrjf  tf  i^fitmoMih^  Am- 
irbn^  tmd  Kimrots. 

This  poiphyry  is-MMciftted 

MttgUih  Coat  Memtttreij  Newe&stie^  OM*- 
'%^re4  St0(fcrdthiny  mtd  Houik  WiOee. 


Mauniaimi  or  Carbonifsroma  Idm^sHime, 

Detbyshirey'  AiBton  Moor^'McDclqp)  Sooth 
Wales^  labordhMte  in  the  Gnat  Ooid 
Formation  usually  fbnnd  in  its' lowest 

Oid'itedSauMoue, 
Is  its  iqnier  membtts  composed  tif  loose 

S  OT  »  " 


red  tandstone,  red  inail)  and 

OOBpfllllSiSlC* 


la  lis  loirer  regions  passing  insfgntiMy 
Into    tonpaet    grejrwacke;    abuikhift 
"alote'^  fimmerof  Bi^^brid  -and 
Wmbs. 


mr  -JK&i  SitHdetone  of  Werner,  Boiko 
Todte  Liegende, 

BbsetD^  AltBiiiigerwald* 

SehwidiE%in  Olanis. 

Lugano,  in  Italy.  ' 

Med  Porphifr^  of  Bptzeu^  i%  T§r^  .«r4 
'  bfCkommtZy  in  Saxonjf, 

Atf  Kew  Conglomerate. 
Independent  Coid  Formation  of  fTemer, 

None  in  the  Alps,  or  Mmh  of  Fd. 

Potschapel,  new  Dresden. 

Friedland,  in-^ileria,'azidneai¥ahMmis, 

in  Sflesia. 
Namur,  Saarre  Brooke,  St  Btienne  'fei 

France. 

TrimHtton  lAmo  of  Werner^  and  of  OdUt' 
Imed'BoUojf. 

Bonks  of  the  Meuse  from  Nannir  ts 
JJi^i  is  <^  rare  occurrence  on  the  Con* 
tineiit. 


FarUty  of  Qreywacke  of  Werner, 

Sddom  appearing  on  the  Contfaieni. 
Oerarsat  finy  on  the  Meiiie  bdinr 
Kaniur,  -  when  it  lies  under  iht  IttoAlK 

The  Vallorsine,  puddingstope  is  neady-of 
diis  age,  bttta  littte  older. 


TlEtAl^dltldN   I^OKlHATION. 


^tVinialioii  iaimettone, 

^Q«dir<if  nttettotte  Medrrilig  mOMSDaX^ 
'iBf  ^Htf  U|rper^ilegian  of  4Stkt  Gwf  #icke 
vTonnaiuoi^   Dndl^,  .WeidodbEdgi, 
liBdkiVy  lioq^hopeyUandilo. 


'  Qreywacko, 

Passing  into  fine  grqrwaoke  slate  M  one 
extremity,  and  into  conglomerate  at  the 
other. 

H^luMa««f  North  Wales. 


Wte  ipianks  of  Jhmtpt. 

*fittir«f  Titogel,  in  OorimBt  «mI  «ap 
of  Snowdon,  in  Wales,  centaiaing 
mardio  ilfells  (teiciMtf  tufites  ?) 

'    4|inlig  uisljitda 

NcSHMJkancnrte  of  Sflfamey  and  St.  David's. 


Trantition  Ltmettone  occur  e  tuiordimiiefy 
in  CrfBjfitarfte. 

Tlrin  beds(9f  it-«t  Cdbknti  oa^eltiitoe. 
iB^Bbbeiiiia  ftear  PiagMw^  "  • 

TanrftaS^  in'  Savoy. 
Banks  of  JRhine  bdow  lOoittflnMMae 
S  of  Werfen  in  Saltzburg. 

Groywadee. 
Same  as  in  JSpg^^t^, 


Atmndant  on  4lie  CoBtiiMit. 
Taientais^'  in  Savoy. 
Matt,lnOli&rDs. 

filatecf  Blalteabnig,  in  GlamisooL^  VniDg 
fittiandtonbises. 

iktie  of  Aiq^ais,  ki  fVvleei  containing 
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Prof.  Buckland  om  tAe  Structare  of  the  Alps.    [JuNlj! 
Primitive  Rocks. 

It  may  be  useful  to  add  to  this  table  of  geological  equivalenUl 
a.  list  of  those  alpine  formatioiiB  which  most  nearly  resembb 
each  other,  and  which  it  is  nevertheless  very  important  to  di^ 
tinguish  ;  e.  g.  there  are  in  the  alpine  diatricts  four  varieties  v€ 
conglomerate,  four  of  gypsum,  and  five  of  dolomite. 

Conghmerales,  4. 

1.  The  most  ancient  of  these  conglomerates  is  that  of  liuf 
petit  St.  Bernard,  the  Vallorsine,  and  Tarentaise,  being  a  triib 
transition  rock,  and  containing  rolled  fragments  of  granite, 
slate,  gneiss,  quartz  rock,  and  primitive  limestone. 

2.  Tlie  next  in  point  of  age  is  that  of  Schwanden  and  Mells 
near  Glarus,  and  Mount  Neisen  on  Lake  Thun,  being  of  thft 
same  era  with  the  old  red  sandstone  (rothe  lodte  liegende)  " 
Werner,  and  new  red  conglomerate  of  England. 

3.  The  third  and  most  abundant  conglomerate  is  that  which, 
imder  the  name  of  nagelHueand  Kigi  pudaingstone,  extends  oloc^ 
the  line  of  junction  of  the  Great  Swiss  Valley  with  the  alpi 
limestones  from  Vevey  on  the  Lake  of  Geneva  to  Bregentz 
the  Lake  of  Constance,  and  tiience  continues  onwards  along 
edge  of  the  plain  of  Bavaria  towards  Saltzburg,  This  is 
most  recent  of  the  stratified  rocks  of  this  district,  and  is  neai 
of  the  same  age  with  the  Hertfordshire  puddingstone  of  Engl 

4.  The  fourtli,  which  is  also  called  nagelflue,  consists  of  aggl 
tinated  masses  of  diluvian  gravel,  composed  chiefly  of  pebol 
of  alpine  limestone,  and  not  to  be  distinguished  but  by  the  at* 
cumstances  of  Its  position  from  No.  3.  It  is  usually  found  in  tlt^ 
valleys,  and  in  irregular  patches  on  the  lower  hiUs,  while  No.  3K 
forma  a  chain  of  mountains  from  3000  to  4000  feet  high,  whicki 
is  continuous  through  nearly  the  whole  of  Switzerland.  No.  4 
abounds  in  all  the  diluvium  of  Switzerland,  Tyrol,  and  Italj^ 
when  the  pebbles  are  calcareous.  It  should  seem  these  pebblw 
have  supplied  the  cement  by  which  they  are  held  together,  as  the 
gravel  is  usually  loose  when  composed  of  any  other  substaooB 
than  hmestone. 

Gypsum  Formations,  4, 

In  the  same  districts  we  have  certainly  three,  probably  fotfTj; 
formations  of  gypsum. 

1,  Primitive,     2.  Transition.     3.  Secondary.     4.  Tertiary. 

1.  Primilire. — Existing  in  small  quantities  (if  at  all)  in  the 
Alps.  Brochant  and  B'Aubuisson  doubt  whether  there  be  ben 
any  true  primitive  gypsum,  and  are  inclined  to  class  that  whi(^ 
has  been  considered  primitive  among  the  transition  series. 

2.  Transition  Gypsvm. — Much  of  this  occurs  among  the  tra^ 
aitioa  rocks  of  the  TarenUi^e  d«actib«d  by  Brochant.     It  mi^ 


18j^l:]i  mi  a4firimng  Parti  aftkeCoiUineia.  4ir 

be  seen  also  by  the  road  side  at  pharmev,  between  St.  Michel 
and  the  HospiUil  of  Mount  Cenis,  and  also  at  the  Hospital  of 
Mount  Cenis.  :         , 

3.  Secondary  Gypsum. — Of  the- same  ^e  with  the  magneisjap 
limestone,  and  new  red  sandstone  formation  of  England,  thifl^iig 
usually  misealled  transition  gypsum  hy  most  writers  on  the  Alps^ 
It  occurs  at  Bex  and  Leisigenin  Switzerland  ;  in  the  salt  mine& 
of  Tyrol  and  Saltzburg;  at  Michell,  10  miles  north  of  Trent; 
and  Lovinio,  near  Menagio  on  the  Lake  of  Como. 

4.  Fibrous  Gypsum. — Of  tertiary  fondlktiohy  of  the  same  age 
with  the  Paris  beds  occurs  in  the  molasse  of  Switzerland 
near  Yverdun;  in  Argovie,  near  Soloure;  at  Boudry,  near 
Neufchatel ;  and  St  Julien,  near  Geneva. 

Dolomite^  Five  Kinds. 

In  the  dpine  regions  there  occur  also  five  formations  of  dolo 
mite. 

1.  Primitive. — The  primitive  limestone  of  the  central  Alps 
often  passes  into  the  state  of  dolomite,  of  which  a  good  example 
may  be  seen  at  the  pass  of  Mount  Brenner  between  Botzen  and 
Inspruck.  It  is  here  compact,  and  interspersed  with  flakes  of 
talc,  of  a  delicate  green  colour.  The  primitive  limestone  also 
which  forms  the  matrix  of  the  great  iron  works  of  Eisentertz,  ia 
Styria,  is  in  the  state  of  dolomite.  This  stratum  is  of  great 
importance  and  extent  in  the  Alps,  and  may  be  traced  by  its 
sparry  iron  ore  from  Lake  Como  to  Eisenertz,  and  thence 
onwardjs  into  Hungary.  • 

2.  Transition* — I  did  not  find  dolomite  in  the  few  spots  ia 
which  I  had  opportunity  to  see  the  transition  limestone  of  the 
Alps ;  but  as  this  formation  abounds  with  magnesia  in  England^ 
Russia,  and  North  America,  it  is  probable  that  it  requires  only 
investigation  to  find  it  also  in  the  Alps. 

3.  hlder  Alpine  Limestone. — Dolomite  prevails  in  no  alpine 
'  formation  so  much  as  in  this,  which  is  equivalent  to  the  grand 

magnesian  limestone  of  England  :  it  may  be  usually  recognised 
by  Its  pearly  glimmering  lustre.  The  soft  powder  that  mis:  the 
cells  of  the  rouhwacke  and  holen  kalkstein  is  much  chained  with 
magnesia:  as  are  also  the  strata  of  yellow  sandy  limestone  that 
lie  m  the  new  red  sandstone  of  the  Vale  of  the  Adige  above 
Trent. 

In  England,  much  dolomite  occurs  also  in  the  mountain  lime- 
stone.   . 

4.  Younger  Alpine  Umesione. — Beds  of  dolomite  minutely 
crystalline,  and  otpearly  glimmering  atspect,  abound  in  the  oolite 
formation  in  the  valley  of  the  Adige  below  Trent,  and  also  ia 
the  hills  on  the  west  of  Monte  Bolca.  In  England,  magnesia 
has  been  found  in  the  ootite  formation  at  Minching  Hampton^ 
near  Cheltenham.    It  occurs  also  in  the  chalk  of  France. 

2g2 
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5,  Tertiary  Formattom. — ^The  calcaJre  grosiier  of  the  bib 
titat  overhang  the  town  of  Verona,  and  of  many  parts  of  the 
Vicentine  Hills,  passes  into  dolomite.  The  loose  calcareotu 
sandy  beds  that  alternate  with  this  calcareous  rock  also  contain 
magnesia.  Marine  shells  in  high  preservation  are  found  both  ill 
the  solid  and  loose  varieties. 

It  may  be  usefiit  to  repeat  concisely,  what  has  already  been 
stated  more  at  large,  that  the  following  terms  are  applied  indis- 
criminately by  many  writers  on  the  Continent  to  rocks  which 
ought  to  be  kept  distinct;  viz.  greywacke  to  beds  of  the  ne* 
red  sandstone  formation,  as  well  as  to  the  true  transition  rocks. 

Transition  limestone,  to  the  younger  alpine  limestone,  ec 
Enghsh  magnesian  hmestone  formation,  as  well  as  to  true  tran- 
sition hmestone. 

TVansition  gypsum,  to  the  saliferous  gypsum  of  the  new  red 
sandstone  ana  magnesian  hmestone  formation,  as  well  as  to  tluft 
which  accompanies  true  greywacke. 

Pierre  k  gryphite  to  lias.  Calcaire  ^  gryphite  to  magne 
limestone.  Jura  limestone  to  oolite,  lias,  and  magnesian  lime- 
stone. Nageldue  to  agglutinated  gravel,  Rigi  puddingstDoe, 
jukd  new  red  sandstone  conglomerate. 


Article  X. 
I  Proceedings  of  Philosophical  Societies. 

C  ROYAL    SOCIETY. 

May  3. — Observations  on  tlie  Variation  of  Local  Heat  n 
among  the  Gaixow  Hills,  by  D.  Scott,  Esq. 

On  some  Subterraneous  Trees  discovered  near  Mmidal^,  iff 
lieut.  Miles,  RN. 

On  the  Enlargement  of  the  Glands  of  the  Neck,  by  J.  Hg«^ 
ship,  Esq. 

May  10.— Some  Remarks  on  Meteorology,  by  Luke  HowaM^ 
£aq. 

Observations  on  the  Solar  Eclipse  of  Sept.  7, 1820,  by  Mt.Ci 
Kumker. 

May  17.— On  the  Anatomy  of  Parts  of  the  Globe  of  the  E 
by  A.  Jacob,  MD. 

May  24. — On  the  Absolute  Zero,  by  Mr.  Herapath. 
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Article  XL 

,  9CXEJfTIFJ[C   INTELLIGENCE,   AND   NOTICES   OF  SJO&JSCXa^ 

CONNECTED    WITH   SCIENCE* 

I.  Composition  ofRkyiarh. 

Wt\  Btande  his  lately>  anal jsed  the  root  of  the  Bheum  Paltnatm^ 
Hie  results  of  the  destructive  distilhition  of  rhubarb  are  stated'  ast 
follow: 

Water 100 

Empyreumatic  oil,  gaUioacid,  and  water,  formed 49*0 

Charcoal t » 34f5 

Phosphate  of  lime. ,  ^ 2*0 

Carbonate  of  lime ;  4*2 

Loss OS 

100^ 

The  component  parts  of  rhubarb  are  stated  to  be  as  follows 

Water 8  •« 

Gum .* 31-0 

Resin IQrO 

Extract,  tan,  and  gallic  acid ;  26*0 

Phosphate  of  lime. 20 

Mulate  of  lime 6*5 

Woody  fibre , 16S 

lOOO 
II.  Rocks  of  Moid  Blanc, 

Owing  to  an  accident,  these  rocks  were  not  quite  correctly  noticed 
in  Ca{vt.  UndrelPs  communication. 

The  very  highest  rock  is  highly  crystalline  hornblende  and  steatite; 
the  latter  might  be  mistakeri  for  compact  felspar,  but  it  yields  to  pres* 
sure  and  the  knife.  Another  specimen  which  is  laminated  seems  ta 
oonJBist  of  greyish  and  yellowish  steatite,  imbedding  quartz  crystali^ 
tad  having  Drown  mica  between  the  laminiew  This  specimen  might  6e 
readily  mistaken  for  fine-grained  gneiss.  The  rock  called  Petit  Mulet^ 
tifcie  specimen  from  which  was. mistaken  for  that  from  the  summit^  is  the 
pretog^  of  Prof.  Jurine,  consisting  of  quartz,  felspar,  and  steatite. 

III.  GraniAttion  of  Coppers 

The  following  singular  circumstance  was  communicated  to  me  hj 
Mr.  W.  Keates,  of  the  Cheadle  Copper  Works. 

'^  I  send  yon  some  g^lobules  of  copper,  quite  hollow,  and  so  light  as 
to  swim  on  water ;  the  histpry  of  which  is  as  follows :  One  of  our 
refining  furnaces  contained  about  20  cwt.  of  melted  copper,  which  was 
to  be  laded  into  blocks ;  but  the  refining  process  had  not  been  carried 
far^ enough,  so  that  when  the  men  came  to  lade  it  out  into  the  moulds^ 
they  found  it  to'be  impracticable,  in  consequence  of  its  emitting  suck 


X 


Scientific  Jntelligen 


[JWNB,* 


a  grent  quantity  of  gulphurous  acid  vapour.  They  were,  therefore, 
abfiged  to  put  it  into  a  cistern  of  water  to  granulate  it,  but  by  this 
operation,  instead  of  the  copper  ussuming  the  form  of  solid  grains,  the 
whole  of  it  became  in  the  form  sent  to  you,  and  floated  upon  the  water 
like  ao  many  corks.  What  is  the  most  probable  explanation  of  this 
phenomenon?  One  of  our  refining  men,  during  40  years' experience 
in  the  business,  has  never  seen  any  thing  similar." 

To  the  above  account,!  have  only  to  add,  that  the  globules  of  copper 
sent  lu  me,  although  extremely  light,  had  lost  their  property  of  Soating 
in  water,  but  they  floated  in  sulphuric  acid.     1  do  not  vi  "" 

anyexpli 


Dr.  Gorh! 
Indian  corn. 
which  the  di 


of  the  phenomenon.— 

V.  Analysis  nf  Indian  Corn. 
vard  University,  Cambridge,  U.  S.  has  analyz«iP 
ars  to  contain  a  peculiar  vegetable  subctancti: 
.as  called  Zeine.     The  results  of  the  analysis  ai4 


ConuuoD  Blau 

nry«Kt. 

Starch     

..  77-0    . 

84599 

Albumen 

. . .      2-5     . 

. .     2747 

Saccharine  matter , . 

..      1*5  . 

..      1-59S 

Cuticle  and  ligneous 
Phosp.  carb.  sul.  of  1 

fibre     .  . 

30     . 

3-296 

me  and  loss  . , . 

...      IS     . 

100-0     . 

..      1-648 
..   99  980 

(Institution  Journal.) 

V.  On  the  Iodide,  Oxides,  and  Chlorides  of  Gold. 
According  to  M.  Pelletier,  who  first  obtained  the  iodide,  gold  is  not 
acted  upon  either  by  iodine  or  hydriodic  acid;  but  the  hydriodic  acid- 
containing  iodine  easily  dissolves  gold,  and  especially  when  a  little 
nitric  acid  is  added:  the  iodide  of  gold  then  formed  is  a  brilliantH 
yellow,  and  apparently  a  crystalline  powder.  Iodide  of  gold  may  also 
be  procured  by  causing  hydriodic  acid  to  act  upon  the  oxide  of  gol^ 
or  by  adding  hydriodate  ot  potash  to  chloride  of  gold.  The  propertied 
of  the  iodide  of  gold  are,  that  it  is  insoluble  in  cold  water,  and  verv 
sparingly  soluble  in  hot;  when  put  into  concentrated  and  boilii%' 
nitric,  muriatic,  or  sulphuric  acid,  it  is  decomposed,  the  iodine  bein^. 
evolved,  and  the  gold  dissolved.  It  is  also  decomposed  at  a  tempera- 
ture of  about  300°  of  Fahr.  and  by  the  alkalies  in  solution.  It  is 
stated  to  be  composed  of 


.   34 
.    66 


,    The  composition  of  the  o.iides  and  chlorides  of  gold  is  stated  a 
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r-k-.  10  oxygen,  protoxide. 

Gold  299<  +   i2  "k^?^"'  P*T' w-   -a 
1+44  chlonoe,  protochloride. 

L+  1S2  chloriDe,  perchloride. 

M.  Felletier  draws  the  following  conclasions  from  the  various  expe* 
riments  which  he  has  made  on  this  metal.  , 

1.  Gold  ought  to  be  considered  as  an  electro-negative  metal,  t.  e.  as 
a  metal  forming  oxides/ which  tend  rather  to  act  as  acids  than  as  bases; 

2.  The  oxides  of  gold  cannot  form  true  salifiable  compounds  with 
the  acids. 

S.  The  peroxide  of  gold  will  unite  to  the  alkalies  and  other  metallic 
oxides,  forming  combinations  which  possess  peculiar  properties. 

4*  Gold  in  solution  in  aqua  regia  is  in  the  state  ot  perchloride,  and 
the  supposed  triple  salts  of  ^old  are  only  mixtures  in  which  the  gold  is 
still  in  tne  state  of  perchloride. 

5.  Gold  unites  to  iodine,  forming  a  compound  of  which  the  propor- 
tions are  constant,  and  easily  determinable. 

6.  According  to  the  proportions  of  the  iodide  of  gold,  those  of  the 
oxides  and  chlorides  mav  also  be  ascertained  as  given  in  the  Memoire. 

7.  .The  vegetable  acids  and  salts  have  different  actions  on  the  chlo- 
rides and  oxides  of  gold.  Amongst  them  may  be  distinguished  the 
oxalic  acid  and  the  oxalates,  because  their  action  is  very  peculiar,  and 
supports  the  opinion  of  M.  Dulong  on  the  oxalic  acid. — (Annales  de 
Chimie  et  de  Physique.) 


Article  XII. 
NEW  SCIENTIFIC  BOOKS 


PREPARING  lOR  POBLTCATIOir. 

The  Parent's  Medical  and  Surgical  Assistant,  intended  for  the  use  of 
the  heads  of  families,  parochial  clergymen,  and  others,  by  Thomas 
Ayre  Bromhead,  MB.  Christ's  College,' Cambridge. 

Dr.  Paris  and  John  S.  M.  Fonblanque,  Esq.  Barrister  at  Law,  have, 
in  considerable  forwardness,  a  work,  to  be  comprised  in  one  volume, 
8vd.  and  entitled  /*  Medical  Jurisprudence."  It  will  comprehend 
medical,  chemical,  anatomical,  land  surgical  investigations,  applicable 
to  forensic  practice,  for  the  instruction  and  guidance  of  coroners, 
magistrates,  counsel,  and  medical  witnesses,  with  a  copious  appendix 
of  statutes,  cases,  and  decisions. 

"  Mr.  Gideon  MantelFs  Outlines  of  the  Geology  of  the  South-eastern 
Division  of  Sussex,  will  soon  be  published  in  royal  4to.  with  numerous 
engravings. 

A  Treatise  on  Scrofula,  its  Nature,  Treatment,  and  Effects ;  also, 
the  alteration  produced  by  it  in  the  structure  of  all  the  different  parts 
of  the  body,  with  special  reference  to  its  connexion  with  spinal  curvm- 
ture,  diseases  of  tne  joints,  affections  of  the  glands.  To  which  is 
added,  an  Account  of  the  Ophthalmia,  so  long  prevalent  in  Christ's 
Hospital.  By  E.  A.  Lloyd,  RCS.  &c.  &c  in  one  volume,  8vo.  TMs 
Work  obtained  the  Jacksonian  Prize  in  1818, 


New  Palenls.  [-I^Hl^ 

Dr.  Dickinson  has  ID  the  press,  The  Medical  Student's  Vade  Mecum; 
beinga  work  in  the  form  of  question  and  answer, 'comprising  anatomy, 
physiology,  botany,  and  pharmacy,  &c.  To  which  will  be  added,  an 
abridged  and  correct  Explanation  of  the  Chemical  Decompositions, 
intended  principally  for  gentlemen  previous  to  their  examinations  at 
the  Surgeons'  and  Apothecaries'  Hall. 

Flora  Scotica,  or  a  Description  of  Scottish  Plants,  arranged  botl^ 
according  to  the  Artificial  and  Natural  Methods ;  in  two  Parts.  Bf 
W.  Jackson  Hooker,  LI.D,  FRA.  FLS.&c.     Svo.     14*. 

A  Treatise  on  the  Hydrocephalus  Acutus,  by  Leopold  Anthony* 
Gotis.     Translated  from  the  German,  by  Robert  Gooch,  MD.  Svo.  8*. 

Observations  on  the  Derangennent  of  the  Digestive  Organs,  and 
some  Views  oftheir  Connexion  with  Local  Complaints.  By  W.  Law^ 
Fellow  of  the  Royal  College  of  Surgeons,  Edinburgh.     Svo.     6*. 

A  Toxicologicat  Chart,  exhibiting  ut  one  View  the  Symptomi, 
Treatment,  and  Modes  of  delecting  the  various  Poisons,  Mineral. 
Vegetable,  and  Animal,  according  to  the  latest  Experiments.  By  Wl 
Stowe,  RCS.  London.     U.  6rf. 

A  Treatise  on  Indigestion  and  its  Consequences,  called  Nervous  anl 
Bilious  Complaints,  with  Observations  on  the  Organic  Diseases,  in 
which  they  sometimes  terminate.  By  A,  P.  Wilson  Philip,  MD.  FKS 
&c.     Svo.     9j.  ^ 


Article  XIII. 
NEW  PATENTS. 


Stephen  Wilsou,  Esq.  of  Streatham,  Surrey,  for  improvements  m 
machinery  for  weaving  figured  goods;  partly  communicated  to  him  by 
a  foreigner— March  8,  1821. 

Henry  Browi^e,  of  Derby,  cheinitt,  for  an  inipruvement  in  the  con- 
struction of  boilers,  whereby  a  saving  in  fuel  is  effected,  and  smoki; 
rapidly  consumed. — March  16. 

Ilario  Ptfliafioes,  of  Earl's-court,  Middlesex,  fur  certain  new  and 
improved  niachinerv  and  methods  for  breaking,  bleaching,  preparing. 
manufacturing,  and  spinning,  into  thread  or  yarn,  flax,  hemp,  a^ 
other  product! (MIS  and  substances  of  the  like  nature,  capable  of  being 
manufactured  into  thread  or  yarn. — March  27. 

William  Southwell,  of  Gresse  street,  Rath  bone- pi  ace,  for  certafi| 
improvements  on  cabinet  piano-fortes. — April  3. 

Jaaies  Goodman,  of  Northampton,  for  an  improvement  on  sdenip- 
irons. — Ap^ll  5. 

Henry  Goldfinch,  of  Hythc,  Lieutenant- Col  one!  in  the  Royal  En^ 
neers,  for  an.  improvement  in  the  formation  of  horse-shoes. — April  S.  " 

William  Annesley,  of  Belfast,  architect,  for  certain  improvements  ii^ 
the  construction  of  ships,  boats,  and  other  vessels. — Apnl  6. 

William  Chapman,  of  Newcastle-upon-Tyne,  civil  engineer,  for  t 
method  or  methods  of  transferring  the  ladings  of  lighters  and  bargef 
into  ships  or  vessels,  or  from  ships  or  vessels  into  lighters  and  barge^ 
—April  12. 
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Articu  XIV. 
MfiTEOROLOGICAL.  TABUfc. 
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Mr.  Hoteard's  MeieorologicalJaurnal.     [June,  I831<^ 


REMARKS. 


Fourth  Month. — I.  Fine:  rain  U  night.  !.  Sbowci;:  windy.  3.  SqusUs,  with  luQ 
■od  Nimbi,  i,  5.  Fine,  6,  7.  Cloudy.  6.  Vay  fine:  thermninetei  63°  at  half- 
put  nine,  to.  Cloudy  1  HRne  appeannee  of  thunder,  p.m. :  lanir  halo.  11.  Claudjr: 
windj.  18.  Shower;:  fUBty:  u  TottenliamBheaTf  hiil-atoim.  1 3.  Slight  ihowen  t 
giiHy.  14.  Showery  :  windy.  15.  Ditto  ;  M  Toltcnhun  thunder  was  twice  besrdU 
the  N,  there  bang  al  the  Itme  many  large  tfimbi,  and  the  fint  ncaUon  made  !■ 
■ppwance.  16.  Fine  :  a  hoar-fnral  in  (he  morning.  17.  Uoar-frost:  IhuDdcred  twiM 
at  half-put  Tout,  p.m.  IS.  Showery:  frequent  rainbows  dunng  the  sftemoon  ;  out 
wusbeervedwith  two  complimeniBiy  bowH  at  some  dlitancebeneoth  it.  19.  Showerji 
boisteiDus  night,  iO.  Slight  showers  during  the  day:  very  frequent  lif^tniog  in  tlM 
erening:  a  thmider-Blonu  about  seven,  p.m. :  the  lightning  extremely  vivid,  and  neailj 
cgminuous  from  SW  lo  SE,  and  much  foiked  :  wme  flashes  descending  petpendicula^ 
U>  the  earth.  SI.  Cloudy:  clear  night:  awallows  now  numemus.  9S,  Very  fin* 
morning.  23.  Fine:  >ome lightning  at  uighl.  H.  Very  fine.  9a.  Ditto.  SILSulll^. 
diy :  inceuant  lighming  in  the  ereniog,  which  continued  nearly  all  night  ia  erttf  ' 
quarter  of  the  horizon,  and  very  diaCant.  ' 


RESULTS. 
Winds:  N,  S ;  NE,  S;  E,  3  ;  8,1;  SW,  5;  W,  T  ;  NW,  8;  Var.  I. 
Bwometer:  Mean  height 

For  the  month.. , ,. 29-69T  inc 

For  the  lunar  period,  ending  the  95th 99'G11> 

For  14  days,  ending  the  Ist  (moan  south) S9'5£l 

For  13  days,  ending  the  14th  (moon  north) 89-67S 

For  14  days,  ending  the  38th  (moos  south) £9'6Stl 

Theimometei:  Mean  height 

For  tlie  montli 40-4b(y 

For  tlie  lunar  period flS'iOO 

For  3U  days,  the  sun  m  Atien 45-633 

EvaporatioD 2-91  jn. 


Mc*n  of  hygnniieter.  . 
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Atropium,  on  the  properties  of,  S6S. 

sulphate  of,    composition  of. 


264. 


268. 


muriate    of,   compontion  of. 


Azote  and  oxygen,  on  the  combinations  of, 

SSI. 
Azote,  deutozide  of,  composition  of,  325. 
protoxide  of,  composition  of,  383. 

B. 

Barytes  and  strontia,  test  fbr,  72* 

Beaufoy,  C<^  astronomical,  magnetical, 
and  meteorological  observations,  by,  76, 
156,  S63— 'Summary  of  the  mi^;netical 
and  meteorological  observations  ror  three 
years  and  nine  montfis,  94 — on  the 
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Calder  Side,  remarkable  stratum  of  lime- 
stone at,  23. 
Caloric,  radiadon  of,  81 . 
Carbon,  chlorides  of,  discovery  and  pH^> 
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Carbonate  <k  lime,  oomposidon  of,  6. 
Carbonate  of  potash,  compodtion  of,  6. 
Casdus,  purple  powder  of,  on  die,  393. 
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Chloride  of  barium,  compoduon  of,  8. 
Chlorides  and  water,  on  the  acdon  of,  27. 
r of  carbon,  discovery  and  proi^ 

perdes  of,  65. 
duorophcite,  a  new  substance  found  in 

Rum,  by  Dr.  Maoculloch,  151. 
Chromate  of  lead,  on  the  application  to 

dlk,&c78. 
Chrome,  sulj^uret  of,  on  the,  by  M* 

LassuAe,  153. 
Cbrke,  Dr.  address  read  at  the  Oam- 

bridge.^hikMophical  Sodety,  by,  Sit 
t&e  purple  powder  of  CSasfaiSi  f99* 


Infer. 

metliod  of  draw- 


Col  Se  BbIidc,  tbnil  plinu  found  hc,  6T. 

0  ttie  production  of,  by 

Dr.  MiiccuUoch.  I, 


Cold,  artifidkl,   i 


447. 


CoUtoooke,  Mr.  on  the  geologf  of  the 
north-HAE  border  of  Bengal,  L49. 

_ on  the  geology  of  JndU, 

notice  of,  390. 

— on  the  valley  of  the  SuU 

lag  livei  ID  Ihe  HunaUy a,  6H. 

Coioet,  on  die  new.  SSh. 

ComprenibilitT  of  ntcr,  observatioiis  oti 


on  flime,  »idi 

cluTging  oidnance,  by,  :i06. 
Deuchu,   Mr.  J.   on  (he  application  cf 

Howard's  fiilininndng  mercury  lo  lllft 

dijcha^c  oT ordnance,  44!!. 
DiudalE,  Mr.  on  the  dry  roi.  45- 
DoUond,  Mr.  G.  notice  of  hii  impiofd 


on  Mi.  Petldns'a  account  of,  U2V. 
Conite,  anew!iub>tance  found  in  Mull,  by 

Dr.  MaccuUnii,  162. 
Conybeare,  lUv.  J-  J.  descriplipn  ofaneir 


Cqiper,  acetate  of,  analyiia  of,  417. 

on  (he  atomic  weight  ot,  24S. 

btsulphate   of,     composition   of, 

343. 

oyitaUizition    of  red  onde  of, 

by  heat,  1 50. 

granulation  of,  circumatance  at. 

tending,  flfig. 

perchloride  of,    comporilion    of, 

345. 

quantity  of,    raised  in  Cormrall, 


CrygtaUi  dtaKOIum  of,  H91. 
Ciyualliiation  of  leil  oxide  of  copper  by 

heat.  150. 
Ccystallized  bodies,  action  of,  on  homa> 

geneous  li^t,  1 15. 
Cf  anutet  of  potasnum  and  iron,  compos* 

tion  of,  435. 

in  and  barium,  analyas  of, 


.    lead,    analyos    of, 
'   silicT,   analyus   of, 


Davenport,  Mr.  R.  on  rain-guagea,  1 1 1  ■ 
Davy,  Sir  II.  address  of,  on  taking  the 

chair  of  (he Rgjol  Society,  111. 
Bnicliai',  Mr.  John,  on  an  apparatus  for 


E. 

Egg,  on  ibephysokigy  of  ibe,3Sl, 

Electricity,  obaervitionsoj    '    " 

theory  of,  IBI. 
Elcdro.magnelic  cxperimenW,  137, 
Emmet,  Mr.  J.  B.  rseeaichci  into  the  OMk 

thematjcal  principles  o "   "       -    -    -  — 

F. 

Faraday,  M.  notice  of  thepttqieTtiaof  tb 
chlorides  of  carbon,  and  a  triplr  •— "• 
pound  of  iodine,  carbon,  and  hyd 
diacovered  68-— on  a  mercurial  ~at^. 
mosphere,  by,  153 — on  the  diwecd^- 
of  crystals,  397~-experiinenB  on  ( 
autawnee  obtained  during  thei"  ■" 
lion  of  nitric  add,  317. 

Finland,  new  miaerabi  from,  933. 

Flame,  experiments  on,  306. 

Forbes,  Dr.  on  the  comparatiTB  temp«M- 
tuie  of  Penzance,  S93. 

Forcbhammer,  Dr.  un  ti\e  pr^anticn  it 
pure  sails  of  manganese,  ai  ~ 
compotition  of  it^  oxidei,  M, 


Qas,  from  oil  and  coal,  onthecompu 
advantages  of,  SOS,  300,  383,  431< 
Gaa  blowpipe,  obEcrvationa  on,  4 1 9- 
Oalvanic  apparatus,  description  of  a  DMIV. 


itussia,  outline  of  the,  n 

of,  391. 
Oiddy,  Mr.  E.  C.  register  of  the  weadt* 

of  Penzance  for  l«*l),  i97. 
Gold,  on  the  iodide,  oiidea,  and(l)I« 

of,  470. 

Gorhom,  Dr.  onalyua  of  Indian  com,  4Tlb 
Qo^pon,  niuteorolDgical  joumal  kept  M, 


m 


:93. 


HwUrauic,  e 


T.  nwtioTalogic*! 

i\^ti(^,  &.C.  iC  MBDchester,  iM. 
.Vvf^n,  Prof.  ■niilj'Kis  of 
-  :       anihe  iDBgnctkm  of  llie  eutti,  ISO. 

■    iStofeDr.  On.  Bewgslr-^ 

■  •-  ilWofy,  &C.  329. 

,    &U)ieliu,    ■   new   bbImUdicc  fiNUid   in 
.  -',  btPttpoe,  deKiiptioii  of,  I  M0> 

■  "^eMBes  and  phamomeaa  of,  v13. 
.''tici^,  Mr.  J.  tesuln  of  u  iBtliw«l»|jed 

•, .  tester  1^^'  >'  Iducasler  bi  UI80,  -bf , 

■  ■-■■««. 

.    -Htijcnoti,  Dr.  on  red  snow,  49. 

-    HfD^,  Dr.  uulyiiis  of  ft  DiUiv>  GnbMMc 

:'. ';.-liftn<gn«la,iav. 

.  .ij*,-,  t; " on  (he  aeriform  ■copsdli^ 

,:   f  pI)iuxoal  and  tijdrogen,  iiti. 
.  'utr^(ti,rMi .  J.  maihemMinl  nqslijr 
'J^.-^  fli«;«WiU3,~*c «f  hut,  gHW,  Jec 

■■■r-Jt»,i3iw,4ai. 
4Bikf4ilrMt.  J.  F.  W.  on  tlH  uAm  »f 
■'•"  crytWHi^^   bodies   on    bonagMtoai 
:lWit,'M9,  161— on  the  aepMUta  of 
»^  i&ltNiP!  Mlier  meula,  389. 
'  Pift'  <:4^i"n^^  inqui>7  iolo  Aa  pio- 


:pobe.  Dr.  ^uks  on  Mr.  PbaHpi'i  HW- 
'  .*  *  Mt»  afdiePtuuTBBcopiBiaCdq^  lU^ 

,    Xedlcoruiii,  Edinburgensis,  IKI. 
•;iyM,Wn.ll.  KieteDrologklltdd*,!);, 

*-,  ih9,  wa;3i9,  sag,  iH. 

fit'" 


„    .  OD   the   im^Ucitlai   tf 

diraoiate  of  leid  to  ma,    tu.  7S 

OD  Ae  loltifctuet  cf  dmme,  1&3. 

Lead  on  u  toadMone,  accoiut  of,  91. 

UAt,  haniBSMitaw,  aetkn  of  oTiiJl. 
findbodioon,  115,161. 


10». 
JiimMtone,    remukable  ittatuin   of    . 

Odder  Side,  S3. 
Idgline,  OQ  a  mad 

■W«ira7faT,  fr9,S08. 
Idpulia,  peodiu  « 

Oebi^,  Mi. 


oMiTe  cubonue  of,  imlpi*  df ,  iis, 
natite  bjdnte  c^  notice  it. 


-at,  I 


faKuuI  Mma*plia«,  OB  I,  I&3. 
MBCU17,  fulminating,  00  tbi  spplicatlim 

of,  ID  ibt  dUchm^  of  ordnance,  449. 
Meteunili^al  uUb,  by  Mr.  R,  Howard, 
79,  159,  9S9,  319,  399,  4T3. 

journal  kepi  at  Ner  MaU 


I,  133. 


-kepi   . 
'  kept  ■ 


Caatlc, 

MicrDmetct,  unprored,  notice  of, 
Minerali,  new,  team  Finlaoil,  n 


Kinfaims 


■imiaiit  of,  3TS. 
Monl  Blanc,  rocka  of,  docribed,  469. 
Muriate  of  lime,  compoddon  of,  T. 


N. 

Nevman,  Mr.  on  a  machine  to  measure  a 

■hip'B  way  by  the  log  Kne,  SOS. 
Nickel,  on  ihe  atomic  ireigbt  of,  9&0. 
Nickel,  sulphate  of,  composition  of,  S60. 
Nitric    acid,    on   a    pemliar    substance 
'    '   id  during  the  diatillation  ot^  316, 


917. 


O. 


„   .  irtlieluAiiTiij. 

sub>lsnce»,  &c.  analTiis  of,  2S3. 

PharmacopinB  Cdlegii  Mediconmi  Eiin- 
burgenns,  anolyiia  of,  5S. 

FhiUipi,  Mr.  W.  on  the  gedwr  of  tl» 
MilTarn Hills,  IS.  > 

»  Mr.  R.  on  the  action  of  chloridMj 

and  water,  S7 — on  lulphati 
at  a  test  to  determine  the  sifenglhiiK 
siriiitianB  of  Diymuriate  of  bee,  1]*^ 
— on  the  solution  and  ayitalfiza^ni  1 
lime,  107 — on  the  biorbooate  J 
unmonia,  )I0 — experimenli  oa  1 
substance  obtained  during  the  diKflll . 
tion  of  nitric  add,  217— anjym  tt 
verdigria,  417.  * 

Phosphate  of  lead,  compodllon  of,  18.    . 

lime,  composition  of,  IS.      ; 

Phosphoric  add,  on  the  atomic  wei^  ^, 
9.  ^ 

Pliny,  red  snow  mentioned  bj,  43.         ^ 

Pratt,  Mr,  S.  P.  description  of  a  nHl 
dinometer,  43.  J" 

Ptoul,  Dr.  reply  to  Dr.  Yellijj'a  nnaa 
on  the  estimate  of  tnortaltly  fhtm  d 
operation  uf  lithotomy,  486. 

Prussian  blue,  preparation,  propertiefl,  aAt 
anniysis  of,  440, 

Prussiate  of  pbtatih  and  ir 
of,  436. 

Frnssiates,  reaeatchea  into  the  compoai 
tionof,  819,301,433.  *" 

Fj'ralloht,  a  new  mineral  tcom  f 


334. 


OU  and  ccbI  gas,  on,  809,  .WO,  383,  431 . 

on.  whale,  on,  45. 

Orduance,  on  on  apparatus  for  diaduug- 

Osmium,  reduction  of  the  salts  and  oxides 

of,  4S4. 
Oxides  of  manganese,  compositian  of,  5t. 
Oxygen  and  azote,  on  the  compounds  of, 

3SS. 
Oiymuriate  of  potash,  on  miilurcsof,  for 

usdiar^ng  ordnance,  80S. 


PaUadinm,    reduction  of  the  salts  and 

oxides  of,  4  £4. 
Paris,    Dr.   Pharinacologia,    analysis   of, 

883. 
on  the  phyriology  of  the  egg, 

3&1. 
Patents,  ne«,  lb,  155,838,318,396,479. 
Fdletier,  M.  on  Ihe  iodide,  oxides,  and 

chlorides  of  gold,  470. 
PenxBDce,  on  die  comparaliTe  temperature 

of,  8B3— register  of  the  weather  at,  897. 
Perkins,  Mt.  on  comnrea^bility  of  water. 


..^ 


Radiation  of  caloric,  81, 
Riun,  on  the  tall  of,  43. 
Ilaiti-guBges,  on,  1 1 1 .  ' 

Red  rock  marie,  on  the,  855.        .      J 
Rsd  sandstone,  newer,  on  the,  SB. 
Rheum  palmatuni,  comparison  of,  49 
Rhodium,  reduction  of  (he  salts  and  <r 

of,  424. 
Ricudo,  Mr.  on  the  comparativ*  adi 

tages  of  oil  and  coal  gas,  by,  WS — 

ther  observations  on  ditto,  by,  383, 
BiSkult,  M.  on  ammoniaeal  aliun,  TS 
Ritdiie,  Mr.  on  a  new  method  of  dral 

a  tangent  to  a  cirde,  44. 
Roget,  Dr.  on  Mr.  Ferkim*s  aCCODi 

the  compressibility  of  water,  1 95. 
lew  mineral  fi«m  fl  * 


^i 

; 


sue, 


Siitifif  manpntte,  prcpamdon  of,  51. 

SeoKCsby,  Mr.  results  of  enerimenti 
made  witib  his  magnedmetcr^  396. 

Scudamore,  Dr.  analysis  of  his  chemical 
and  me^Ucal  report  of  mineral  waters, 
808. 

fimtthson,  Mr.  J.  on  some  capiBazy  me- 
tallic tin,  by,  871. 

ftiow,  red,  43. 

Soddy,  Astronomical,  of  London,  pro- 
eeecmigs  of,  313, 399. 

— —  Cambridge  Philosophical,  address 
read  at  the  first  meeting  oC;  S94. 

Roysl,  proceedings  of,  64,  144, 


binatioBs 


897,  318,  389. 

Geological,  proceedings  of,  07, 


149,  318,  390. 
Spherical  triangles,  new  method  of  con- 

strucdnff  t)ie  cases  of,  859. 
Stockton,  Mr.  meteorological  journal  kept 

l^,  at  New  Malton,  133. 
Stoto,  Mr.  on  lead  ore,  in  toadstone,  67. 
I  on  a  recent  deposit  of  com- 
pact limestone,  7K 
Strangways,  Hon.  W.  I.  H.  F.  on  the 

geology  of  Russia,  notice  of,  391. 
Stnmtian,  on  the  atomic  weuht  of,  5. 

and  barytes,  test  fir,  78. 

Sulphate  of  indigo,  as  a  test  to  determine 

the  strength  of  solutions  of  ozymuriate 

of  lime,  78. 
"   "  magnesia,  oompotttion  of,  8. 

— manganese,  composition  of,  53. 

soda,  composition  of,  5. 


Sulphuret  of  chrome,  preparation  of,  153. 


T. 


Tangent  to  a  circle,  new  method  of  draw- 

iB«,44. 
Tajrknr,  Mr.  on  the  Galley  copper  mine  in 

Scotland,  70. 
Theorem,  Madaurin's,  on  a  method  of 

applying,  98. 
TlWmsoii,  Dr.  T.  on  the  true  atomic 

wc^hts  of  stiontian,  lime,  magnesia, 

phosphoric  adbd,  and  arsenic  add,   I 
the  true  atomic  wcl^ita  of  popper, 


381.  ^^   ...^ 

Tin,  on  somecapiBMy  melallie,  Stl.-^ 
Toft's  Uowpipa,  descriptioii,of»  419. 
Triangles,  spherical,  on  a  new  method  of 

constructing  the  cases  of,  859. 
Trimmer,   Rev.  H.    S.    eommunicatioa 

fiom,  respectiiiy  Mr.  Hcnqpatili'a  o^e- 

nments,  417* 


Van  Marum's  monoir  on  TmnUSa^u 
theory  of  dectridty,  oboervatioos  on« 
181. 

yerd^ana^of,4l7. 

Undreiu,  Capt.  J.  account  of  an  aacent  to 
the  summit  of  Mont  Blanc,  373. 

Volcano,  lunar,  notice  oij  888. 


W. 

Water  and  chlorides,  their  action,  87. 
conpressibiUty  of,   on  .Mr.  Per« 

kins*s  account  ol^  135. 
Whale  oil,  properties  of,  46. 
Woolf;  M.  K.  notiee  of  two  steam-en. 

gines  erected  by  him^  836. 


Y. 


Ydloly,  Dr.  on  Dr.  Prout*s  estimata  of 

mortality  from  tiie  operation  of  Itdio. 

tomy,  383. 
reply  to  his  remarks  on  Dr. 

Pront*s  estimate  of  mortality  from  the 

operation  of  litiiotomy,  486. 
Yule,  Ckd.  on  an  apparatus  ftr  the  dis» 

dArge  of  ordnance,  89. 


Z. 

Zinc,  on  the  atomic  wd^t  of,  846. 

su^diate  oiy  composition  of,  847. 

Zhoonia,  process  for  pfocanngpare,  74. 


END  OF  VOLi  I. 


G»  lUldvfa,  Piteter, 


'   ■>• 


If 


I. 


\1 

*^  ■  - 

ft: 


t 


